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Contents: 

A New World of Personal/Professional Computation, by Todd R. Lynch Ail of the com- 
ponents for a complete persona! computer system are integrated into a single inexpensive 
package. 

Adding I/O Capability to the HP-85, by John H, Nairn, Tim i. Mikkeisen t and David J. 

Sweetser Four slots accept plug-in interfaces to control instruments, add on peripherals, 
or interact with other computers, 

A Compact Tape Transport Subassembly Designed tor Reliability and Low Cost, by 

Douglas J. Collins and Brian G. Spreadbury New techniques in electrical and mechanical 

design were required. 

A High-Quality CRT Display for a Portable Computer, by James F. Bausch This compact 
CRT subassembly displays graphics data in addition to alphanumeric information. 

A Compact Thermal Printer Designed for Integration into a Personal Computer, by 

Clement C. Lo and Ronald W. Keil it can print program listings or output hard copies of dis- 
played alphanumeric and graphics data. 

Enhanced BASIC Language for a Personal Computer, by Nelson A Mills, Homer C. 
Russell, and Kent M, Henscheid HP-85 BASIC has commands for plotting graphics data, 
using mass storage, and performing a wide variety of functions. 

In this Issue: 

The six articles in this issue deal with the design of Hewlett-Packard's first personal 
computer, the HP-85. What makes a computer "personal"? Mainry, the cost has to be low 
enough that the computer is likely to be bought either by an individual or by a company for 
the exclusive use of one individual. Compactness is also important, because the com- 
puter's owner may want to use it sometimes at the office, sometimes at home, and sometimes 
at a job site. 

Unlike personal computers designed primarily for the home hobbyist, the HP-85 is de- 
signed for personal use in business and industry by professionals such as engineers, 
scientists, accountants, and investment analysts. Of course, a serious hobbyist might also buy it for home use, 
and schools might find it a good computer for students of the computer arts to practice on. Our cover photo 
depicts a bow designer using the HP-85 to plot force-draw curves and compute energy storage. Alert readers 
may remember that our October 1 976 cover also dealt with bow design. That's not a coincidence; Art Director 
Arvid Daniel son is one of the top amateur archers in the U.S A (The red bow in the cover photo is a compound 
bow supplied by Jennings Compound Bow, Inc., and we are grateful for their help.) 

Certain of its features set the HP-85 apart from other personal computers. First, everything is built in — 
keyboard, CRT display (see page 19), printer (page 22), and magnetic tape drive (page 14), In other words, it's 
an integrated computer. There's no need for a bunch of cables to hook up a lot of optional capability; you get 
everything you need in one package. Second, the HP-85 is ready to go when you turn it on. The operating system 
and the BASIC language (see page 26) are permanently stored in the machine and don't have to be loaded from 
a magnetic tape or a flexible disc before you can get started. Third, the HP-85 displays not only letters and 
numbers, but also graphs and pictures. And anything you see on the CRT display can be copied on the printer 
just by pressing a singie button. Finally, if you do want to expand the system, you can Four slots in the back of the 
machine accept input output modules that connect the computer to disc drives, plotters, printers, instruments, 
and the like (see page 7), The HP-85 is the lowest-priced instrument controller currently available, a distinction 
that will no doubt account for a major portion of its saies. 
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A New World of Personal/Professional 
Computation 

Now, an inexpensive computer system with integral display, 
mass storage , hard copy, and graphics capability is 
available for personal use by the technical professional or 
first-time computer user. 

by Todd R. Lynch 



IN JANUARY 1980, Hewlett-Packard made its first entry 
into the personal computer marketplace with a product 
called the HP-85 (Fig. 1|, a totally self-contained com- 
puter system for the technical professional or first system 
for the beginning small-computer user. It is based on a cus- 
tom eight-bit microprocessor, with an operating system and 
BASIC language commands stored In A2K bytes of ROM 
(read-only memory]. There are 1BK bytes of RAM f random- 
access memory) in the machine, with the capability of add- 
ing another 16K bytes. A cathode ray tube (CRT) display 
with high-resolution graphics, a thermal printer, a tape 
cartridge drive, a keyboard, and four plug- in in put, out put 
(I/O J slots come as standard features, 

The HP-85 represents a significant contribution to the 
personal computer field. Its characteristics reflect the ob- 
jectives that guided its design and development: 

*Begff>ner s. A II -purpose Symtioiic Insi rues ion Code 



An integrated rather than component system. The central 
processor, keyboard, display, printer, and mass storage 
are all contained in a single package. This eliminates the 
maze of cables and connectors that would be required to 
interconnect a system made up of individual components. 
Portability. The machine is small and lightweight so that 
it may be easily relocated. 

Suitable for home use. It was envisioned that the HP-85 
would accompany its owner to work during the day and 
to the owner's home at night. To provide the customer 
with a computer that can be used at home, the design had 
to in dude barriers to the annoying electromagnetic inter- 
ference [EMI) generated by the electronics in the 
machine. Therefore, the plastic tup and bottom cases are 
metallized with a thin coat of aluminum. This conduc- 
tive shield is tied to the sheet metal back panel, which is 
grounded. It is expected that the HP-85 will meet appli- 
cable U.S. FCC (Federal Communications Commission | 
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Fig- 1, The HP-85 Personal Com- 
puter uses BASIC language pro- 
gramming and operating com- 
mands that are permanently rest- 
■ /p.'T tn the system firmware Con- 
tained m a single package are all 
of the elements for a small 
outer system- -keyboard entry, 
tape mass storage. CRT display, 
and a thermal printer The inverse 
video display mode is shown with 
the associated printer copy at the 
upper right in the left foreground 
is the printer copy for the normal 
white -on -black display motfe 
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and German VDE (Verband Deutsches Elektrotechniker) 
EMI requirements. However, ihe certification process 
has not yet been completed. 

Ac line operation. The intended customer for the HP-85 
is assumed to be the scientist or engineer, and the normal 
location for operating the machine is assumed lo be tlit* 
laboratory or office, where the presence of an ac line 
outlet is implied. The machine operates on either 1 15 or 
23G Vac at a frequency From 50 to 60 Hz. 
Quiet operation. Since use in an office environment re- 
quires minima] noise generation, a cooling fan is elimi- 
nated by designing a highly efficient switching power 
supply and by writing firmware that allows only one of 
the input output devices to operate at a time* By turning 
off the CRT when printing or using the tape drive, much 
power is saved. Total system power is nominally 25 
watts. Using only convection cooling, dissipation of this 
power level generates only a 5 to 10 fl C temperature rise 
inside the package. 

BASK; language programming. The language is capable 
of complex computations, but is still friendly and ft 
use. Fort y-t wo built-in functions (e.g., SIN!, Ml N. ALLS.KQR. 
etc.) are incorporated into the machine to facilitate the 
user's programming task. Creating a computer (hat is 
friendly and easy to use is accomplished, in part, by 
building fhe BASIC language into ROM. As soon as the 
system is turned on, it is ready to go. The operating 
system is always resident in the machine and cannot be 
altered or destroyed by an errant user program. 

Error messages are given to the user in the form of an 
error number plus a short description of the type of error. 
Warn ings are also given for certain arithmetic conditions 
[e.g., division by zero]. A warning differs from an error 
message in that a warning allows execution lo continue. 
In the case of a divide-by-zero warning, I he compiler 
assumes a default result of ±9,99999999999E499. The 
user can override this assumption and cjei use I he machine 



to halt on mathematical errors by inserting the DEFAULT 
OFF statement in the program. 

■ Expandable system capability, Extra memory and com- 
mand sets can be easily added. The ability to connect 
interfaces for control of instruments and other input 
output peripherals Is provided by tour I/O slots in the rear 
of the machine. 

* Low cost. The system is affordable by an individual or by 
a company buying for individual workers. The cost of the 
electronics was minimized by the design of nine custom 
LSI (large-scale integrated) circuits. These nine packages 
require a fraction of the space and power that their off- 
the-shelf equivalents would require. Printed circuit 
boards in the product are all two- layer boards to save 
cost. The package top and bottom cases are injection- 
molded plastic. 

■ Reliability and serviceability. The system electronic de- 
sign emphasizes the use oi integrated circuits and modu- 
lar construction. The integrated circuits in the system 
were carefully characterized over their entire operating 
region. They are packaged in ceramic to achieve 
maximum reliability. All of the NMOS* parts are 
burned-in for 24 hours at 1 25°G to weed out infant mortal- 
ity failures. 

The HP-85 is designed with subassemblies that are 
easy to manufacture and service. The CKT, tape drive, 
logic board, printer, power supply, keyboard, and back 
panel make up the major subassemblies. These are indi- 
cated in Fig, 2. After a subassembly is manufactured, it is 
independently tested. When the HP-85 goes through 
final assembly, it IS exhaustively tested by a diagnostic 
program resident in a special plug-in KOM. Good sys- 
tems are burned-in for 48 hours to screen out infant 
mortality failures and marginally operating units. This 
period is also used to age the CKT phosphor coating, 
which prevents dull spots in the display, 
ta Bfetnieorttliictb' inte^raied 



CRT Subassembly 



Power Supply 
Transformer 




Keyboard \\r 
Subassembly 



Printer Subassembly 
* Tape Drive Subassembly 



Logic Board 



Fig, 2. Internal view of the HP-85 
wtih the ma/or subassemblies 

identified. The compact designs of 
these subassemblies make it pos- 
sible to provide a complete com- 
puter system in a single portable 
package 
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Fig, 3. fa> Alphanumeric display 
mode A full set of 728 - . 
characters can c m r ovtde 

up to W hnes of 32 cha- 
each for alpha 

key functions can be displayed at 
the bottom of the display as 
shown (b) Graphics display 
mode An array 256 dots wide by 
792 dots high rs available for plot- 
ting and labeling data on the 
7 27 -mm CRT 



a An internal self-test capability. Should the user suspect a 
problem with the machine, the user can run a self- 
contained diagnostic program by pressing the TEST key. 
Thi ^ program interrogates all of the machine electronics. 
If everything checks out, the ASCII* character set will be 
displayed and printed. If a problem is encountered, the 
message ERROR 23; SELF TEST will appear on the CRT 
screen. In case of trouble, the customer ts adv ised to seek 
service from an authorized HP service center or dealer, 

Display 

The display is a 127-mm (5-inj diagonal black-and-white 
electromagnetic-deflection CRT The design nl this sttbaa- 
sembly is discussed in the article on page 19. The memory 
that holds the display data contains over 65.000 bits and is 
completely independent of the user's programming mem- 
ory. It is partitioned into alpha and graphics buffers. In 
alpha mode the d is [3 lay shows 16 lines of 32 characters per 
line (Fig, 3a). Scrolling keys are provided to view an addi- 
tional $8 lines of alphanumeric data, Tin- graphics display 
mode is entered by pressing the GRAPH key. Now the dis- 
play provide ,i lesolulinn ni ^ r ili dots wide hv H)2 dots 
high. Each dot can be individually accessed by I lie user 
.villi the BPLOT command. In the graphics mode, the SCALE, 
AXIS, MOVE. DRAW and PLOT commands make it easy to 
i reate plots (Fig. 3b) and line drawings, Labels and other 
alphanumeric information can be added 1 aphs. 

either honzonlally Of vertically, In addition. HP-85 users 
can adjust the brightness of the display to adapt to chang- 
ing lighting conditions. 

Printer 

A '12-charactcT-per-line thermal printer (see article, page 
'il\ is prcfl ided for hard copy output. A set of 128 ASCII 
characters is available for printing when uiitpulting al- 
phanumeric copy (e.g., program listings], The printer 
prints alphanumeric copy hidirectionally at a nominal 
rate of two lines per second. Short lines ate printed fastn 
than long lines. 

A COPY key lets the user obtain a copy of the CRT display 
on thermal paper. If the CRT Is in the graphics mode, the 
printer prints in one direction mily and the prinl output is 
rotated yo to allow for strip-chart plotting. 

To compensate for variations in paper, pnntheads. and 
the type of printing being done, the 1 IP-tfs gives the user I he 
ability to lighten or darken the intensity nl ll ttpiit A 



print intensity switch located under the paper door pro- 
vides for selection of eight levels of print intensiu 

Tape Cartridge 

Mass storage for the HP-85 is provided by a tape cartridge 
system [see article on page 14) using the 98 200 A data car- 
tridge, Each cartridge holds about linok bytes of informa- 
tion, This information may be any combination of source 
program files, binary program files and data tiles. The direc- 
tory stored cm the tape will hold 42 six-character file names. 
By using theCATalog command, the user can easily review 
the contents of any data cartridge, A portion (2aH bytesl of 
the directory is automatically stored in the system KANL 
This sign i Ikant ly reduces the time i squired to access a file, 

The HP-85 taps electronics can drive the tape at two 

different speeds, When searching for a file the tape speed is 

1524 mm's |60 in/si. Once the file is found, the speed for 

■ \\i fcte is si owed to 254 mm s I in in s|. This corresponds 

to a data transfer rate of 650 bytes per second. 

An autostart capability is provided by the system 
firmware. When power is applied let [he HP-85, it automati- 
cally rewinds the tape and scads the tape directory, looking 

hn a program named Vutost ll the file exists r the computer 
will find it on the tape, toad il into memory, arid Im- 
mediately start running the program. Aulost programs W 
supplied with some HP software pacs or can be generated 
by users for their particular needs. 

Security is available tor the hies stored on the tape cart- 
ridge. When storing a file the usej can specify one of four 
types of securit , foi the! file. Also, the entire cartridge can be 
manually protected against inadvertent overwriting bl 
ting the write-proteet switch thai exists on ea* h i artridge 

Keyboard 

The keyboard is parlilioned into four sections as shown 
in Pig. 4. A typewriter keyboard is available for entering 
alphanumeric data. A numeric pad is provided lor fast 
numeric entries or calculator applications. Directly under 
the CRT display are four special function keys Combined 
with the SHIFT key. these provide eight keys that can inter- 
rupt a running program, the KEY LABEL key causes a de- 
scription [up to eight characters specified by the program- 
mer] of each programmed key to appear on the bottom two 
lines of the display i F Lg. 3a)< This serves to remind tfe 
what each ke\ is programmed 1f> dn The hip niw ot kev.s 
on the right provides ,i uiroenient means to scroll or 
move the soi on thedisplay, tooperetethe printer ortape 
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Special Function Keys 



Display/System Control 
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Typewriter Keyboard 



unit, or to edit previous input with the INS/RPL and DEL- 
CHAR keys. 

Plug-Ins 

Four I/O slots are provided in the rear of the unit. An 
additional 16K bytes of RAM can be added to the HP-85 by 
plugging a RAM module into any one of the slots. The 
programming power of the machine can be enhanced by 
plugging in a ROM drawer. This drawer can contain from 
one to six 8K-byte ROM modules. The HP-85 will soon have 
ROMs available for matrix operations 1 mass memory inter- 
face, printer and plotter interface and general 10 capability 

Four interface plug4ns have been designed to provide 
interfacing to four common bus structures, The H2937A 
HP-IB Interface is currently available for connection and 
control of devices designed tor the IEEE Standard 4HH- 1978 
instrumentation bus. An RS-232C seriaJ interface and HCD 
and GPIO interfaces will also become available soon. For a 
more extensive discussion of the I/O design and capabilities 
of the HP-85. refer to the article on page 7. 

Enhanced BASIC 

The HP-B5 provides a very powerful BASIC language. 
The development and capabilities ol this firmware are re- 
viewed in the article on page 26. One feature of the language 
is its mathematical accuracy. Numbers are carried inter- 
nal Jy in decimal form with 15-digit precision and are 
rounded to 12 digits for output to the user. They can range 
in size from 10" 4 " to 9.99999999999 xl0 4yy . 

The string handling ability of the machine is extensive. A 
string may be any length, limited only by the amount of 
available read/write memory. 

The CHAIN and COMmon commands allow long pro- 
grams to be segmented and stored separately on the data 
cartridge. Different segments are brought into memory 
when needed and executed by the CHAIN statement. COM- 
mon allows current variable values to be passed from one 
segment to another. 

A programmable tone speaker is provided. The user can 
specify both the frequency and duration of the tone by using 
the BEEF command. This provides the capability for custom 
audio error indication, input prompting, or playing Bach. 

When debugging a program, the user can take advantage 
of a number of tools provided by the machine firmware. The 
user can either single-step through the program operations 
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Fig. 4. The HP-85 keyboard is or- 
ganized into four sections. Be- 
sides the norma! typewriter sec- 
tion there is a numeric keypad for 
easy entry of data, a group of spe- 
cial function keys located close to 
the CRT display where their re- 
spective assigned labels may be 
displayed, and a set of control 
keys for frequently used system 
commands and editing /display 
control. 



or run the program. Using the TRACE. TRACK ALL and 
TRACE VARiable commands, changing variables and 
changes in the sequence of execution can be viewed. This 
makes it much easier to find where and why a program does 
not execute as expected. 

In all, there are 42 predefined BASIC functions, 65 BASIC 
statements and 20 commands available in the standard 
HP-85 system ROMs. Of the standard 16K bytes of user 
RAM in the computer, only 10% is reserved for system 
overhead. The rest is available to the user. 

Software 

To provide the user with solutions for particular prob- 
lems, additional software packages axe available for use by 
the HP-H5. Each machine is sold with a Standard Pac con- 
sisting of a preprogrammed tape cartridge and user's man- 
ual. On this tape there are programs for general mathema- 
tics and business. There is also a game and a music compos- 
ing program. This pac is intended lo acquaint the customer 
with the power of the machine as well as offer solutions to 
some common problems. 

There are other software pacs currently available. A 
BASIC training pac is intended as a self-teaching course for 
novice users. Statistics, finance, waveform analysis, 
mathematics, circuit analysis, games, linear programming 
and text editing packages are also available. 
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Adding I/O Capability to the HP-85 

With the implementation of I/O features, the capabilities 
of a self-contained personal computer system are 
expandable to control instruments, add on more powerful 
peripherals, and even talk to other computers, 

by John H. Nairn, Tim I. Mikkelsen, and David J. Sweetser 



THE HP-85 is .ni integrated, stand-alone persona] 
computer. This means that within this single 
package are contained all of the elements of a small 
computer system Part of Fig l shows a block diagram of 
the HP-B5 main frame. The box labeled CPU contains the 
main processor, ROM and RAM memory, operating sys- 
term power supply, and all of the other elements that in a 
large mainframe or minicomputer wquld constitute the 
Computer itself. The remaining elements provide the 
human interface, letting a programmer and or operator 
communicate with the computer. Besides the obvious 
advantage of having a complete, functional computer in 
a single portable unit, the integrated computer architec- 
ture provides certain operational advantages. 

For example, in the HF-85. a graphics display created 00 
the CRT can be dumped to the built-in printer fay executing 
a single COPY statement. This feature would be much more 
difficult if not impossible to provide if the printer were an 
external device with unknown operational characteristics. 
The internal peripherals chosen to he incoi pornted into 
i In- 1 fP-85 makr it ft complete top] tor solving a large varietj 



ol computational problems. However, there are tv. 
of tasks thai require thai the system be expandable 

The first class consists o) tasks fdi which the human 
interface elements need to have more powerful characteris- 
tics than those provided by the internal peripherals. A par- 
I:; i ilar application may require a printer capable "1 Mill 
page width printing, or ol tilling out standard forms in 
multiple copies. Kor graphics displays, a full-size plotter 
with multicolor capability might berequired. Ortheuseeil e 
human interface element not even provided in the basil 
system, such as a digitize) . rna_\ be necessary, The ability In 
support external as well as internal peripherals great I v < 
pands the (lass of problems the system can solve. 

The second class consists of tasks in which it is desirable 
to eliminate as much oi the human interface as possible Ml 
data acquisition applications, measurement instruments 
are available thai can communicate their results dire* tlyto 
the computer, eliminating the need for manual entry of data 
by an operator. VVImn the computer is capable not only of 
acquiring and or performing analyses on the data, but also 
oi making decisions based on that data and providing feed- 
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HP-85 Mainframe 

Fig. 1 . The baste functional blocks for the HP-85 persona! 
computer are integrated into a single mainframe for a self 
contained computer system Four (-0 slots are provided to 
expand system capability. Various combinations (such as the 
one shown) of the add-on ROM drawer, additional WK RAM 
and peripheral interfaces can be installed m these four slots 

back thai modifies the operation of the systein In which it is 
connected, the computer (unctions as a controller. 

Two elements are required to add l.-'O capability to the 
HP-85. First, a piece of firmware (I/O ROM} is required to 
give the operator access to the interfaced device. Second, a 
piece of hardware (interface card) is required to provide 
electrical, mechanical, and liming compatibility for I he de- 
vice tO be inlerfaeed to the computer. 

The HP-85 is a BASIC language computer, Many ol the 
language features are similar or identical in syntax and 
semantics !o the interfacing statements on the 9835 and 
Uh45 Computers. 1- ^ The design of the HP-85 interfacing 
capability also draw T s heavily from the 9825 Computer's I/O 
architecture , 

The HP-85 contains both read-only memory (ROM) and 
read-write or random-access memory {RAM). The RAM 
contains the user's BASIC language program (software) and 
date;. The ROM contains the machine language program 
(firmware) which recognizes and executes the statements 
provided b\ the BASIC language. Thus, I he operating sys- 
tem ROM in the HP-85 provides such statements as PRINT. 
I.1JSP, and INPUT for accessing the internal peripherals. 



When externa! peripherals are added, their wider range of 
capabilities requires more extensive BASIC language 
statements io fully use these capabilities. Additional plug- 
in modules, called add-on ROMs, merely enrich I he BASK] 
language by increasing the number of statements and func- 
tions that can be recognized and executed. 

Some of these add-on ROMs may be dedicated to a par- 
ticular device. For example, a ROM may add statements tu 
the BASIC language which are designed only to provide 
umiplHe i OHtrol oi a floppy disc or of a full-size plotter, 
The I/O ROM. on the other hand, is designed to be as much 
as possible a general-purpose lool for communicating with 
the wide variety of peripherals and instruments available. 

Almosl all computers provide language extensions tor 
out put ting data to a device or entering data from a device, 
The OUTPUT and ENTER statements are usually sufficient 
for communicating with external peripherals. In controller 
applications, however, where timing may be critical and 
the speed of the external devices and instruments may not 
be well malched to the speed of the computer, other 
methods of transferring data and control information can 
increase the performance uf the system. In many cases this 
can make the difference in whether the application can be 
done a I all. I or example, in taking data from very slow 
devices, the ability lo transfer data under interrupt allows 
the 1 1P-85 lo perform other operations instead of waiting on 
the slow device, thus increasing system throughput. In the 
other extreme, being able to capture data in a hurst transfer 
from a very fast device and then process the data into inter- 
nal format at a later time can be a "make-or-break" capabil- 
ity in last data acquisition applications. 

In the back of I he HF-B5 are four slots that allow add-on 
ROMs, add-on RAM, and interface cards to be connected to 
the internal memory bus, A single ROM drawer containing 
the I/O ROM and up to five other add-on ROMs can be 
plugged into h ny one of these slots. Thus a typical interfac- 
ing configuration can include the ROM drawer and three 
interface cards; or the ROM drawer, the add-on RAM mod- 
ule rind Iwo Interface cards, as shown in Pig, 1. 

On each interface card is a custom integrated circuit 
called the translator chip (TC), which translates beiween 
the timing and protocol requirements of the internal mem- 
ory bus and a microcomputer bus [Fig; 2), Kach card also 
contains an 8049 microcomputer and a set of discrete driv- 
ers that implement the electrical and protocol requirements 
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for that card. 

The most general-purpose interface card is the sixteen-bit 
parallel card (GPIQ). Sixteen TTL compatible bidirectional 
lines and sixteen open-col lector output lines* plus a variety 
of status* control, and handshake lines make this card a 
versatile workhorse. A variation of this card, with the input 
lines organized into four-bit nibbles, is also available for 
"acing devices that operate in binary-coded-decimal 
I BCD) format. 

A third type of interface card is designed to connect the 
HP-85 to serial 10 devices using either RS-232C or 20-mA 
current loop configurations. This card will also allow ter- 
minals to be connected to the HP-85, or allow the HP-85 to 
be connected to a modem or a host computer. 

The fourth card is the B2937A HP-IB Interface, the HP- 
85s implementation of IEEE Standard 488-1978. Because of 
the microprocessor included on this card, a very powerful 
implementation of both controller and noncontroller 
capabilities is provided. 

The HP-IB Interface Card is available now and the others 
(CPIO. BCD, and Serial 1 O) will he available later. 

I/O ROM 

There are three areas that any in lei fad ng capability in a 
computing system must connect— the programmer, the 
operating system, and the 10 hardware. On MP's interpre- 
tive computers the user interface $S through keyword execu- 
tion of the language extensions provided by the I/O ROM. 
An important aspect of the friendliness of these computers 
is the choice between calculator and program mode execu- 
tion of the keywords, The program mode means the state- 
ment has a line number and is to be stored for later program 
execution (parsed,* stored in I he program memory, exe- 
cuted at RUN time). The calculator mode means the State- 
ment does not have a line number and is to he immediately 
execuled | pars ml, stored io temporary memory, and exe- 
cuted]. 

In the HP-85, 1 f 1 1 * I U hardware — the interface card — is a 
• \ |m of channel processor. A channel processor is a 
computer with limited resources that performs many ot the 
eenlral computer's interfacing tasks. The interface to the I/O 
hardware is the LO drivers. These implernenl the protocol 
that the central computer uses to tell the I/O card what it is 
supposed to be doing. The I/O drivers include da la passage 
routines, command passage routines, status and conftbl 
routines, and an interrupt handler, 

The interlace Io ! he operating system is what makes inter- 
lacing capabilities a natural extension of the computing 
systMoc For example. 1'Q events can cause changes in I lie 
HASIC program flow, The interface to the operating system 
is achieved primarily in three ways — routine linkages, 
read' write memory use. and register use. An example of a 
routine linkage is the print driver — when the programmer 
,[u cifl-QS PRINTER IS 4, all PKJN'I commands i ,i use a routine 
in read write memory to be called. When I he I/O ROM is in 
the system it replaces this read/write memory routine with a 
routine of its own to handle the PRINT. H the I/O ROM is not 
in the system the deiault system routine generates an error. 

Read/write memory is used when the I/O ROM passes 

•RttfSffl : I ' I ' 



information to or from a system- defined location. For 
example, when an error occurs in an I/O ROM statement, the 
I O ROM puts the error number in a common location that 
the system knows. 

The register interface to the operating system consists of 
some CPU registers that the system reserves for system 
status and control. For example, register sixteen Indicates 
the machine state — idle, running, and so forth. 

-re are several basic groups of interfacing and related 
capabilities provided by the HP-85 1 O ROM to the user. 

■ Formatted transfers — input and output of data with tor- 
matting and conversions 

■ Buffered transfers — fast handshake and interrupt data 
transfers through explicit buffering 

■ Register access — ability to set and interrogate the card 
configuration 

■ Interrupt access — ability to receive hardware interrupts 

■ Timeouts — ability to detect an inoperative card or 
peripheral 

■ Miscellaneous — keyboard masking, base conversion and 
binary operations 

■ HP-IE control — high-level access to HP-IB capabilities. 
The ability Io input and output data {formatted trnns/ers) 

is probably the most commonly used of all interfacing 
capabilities. In some systems input and output are the only 
interface functions provided. The HP-85 allows for free- 
field or formatted input (via ENTER) and output (via OUT- 
PUT). These statements are the tools that a programmer uses 
to get arbitrary string and numeric data into and out ot the 
computer. Many times the peripheral has a non- ASCII 
ctei set, so a character conversion capability is pro- 
vided to allow the programmer to set up a conversion tabic 
and deal with data as if it were normal ASCII data. 

OUTPUT and ENTER are medium-performance data trans- 
fer mechanisms that consume the machine (program execu- 
tion stops until the current statement is completed). Buf- 
fered transfers provide two additional methods lo get data 
into and out of the HP-B5 — interrupt and fast handshake. 
The interrupt mode of data transfer is lower in performance 
than ENTER and OUTPUT, but does not tie up I he comput- 
er, because i( can be doing many other things in addition lo 
the interrupt transfer. For example, while transferring data 
in 1 he interrupt mode, the HP-85 can plot to the CRT, do 
arithmetic computation, print to the internal printer, or 
transfer data through other interrupt transfers. The fast 
handshake mode is much better in performance than ENTER 
and OUTPUT, but still ties up the computer. Neither of 
It i e.se buffered transfer modes performs any formatting. The 
data is placed into or taken out of an IO buffer — hence the 
name + buffered" transfers. The buffer is a string variable 
that has been modified for use by the I'D ROM (via IOBUF- 
FER), The buffered transfers are performed via I he TRANS- 
FER statement 

The programmer needs to access specific attributes of 
each fnterfiii »■ i 'in I [register access). These attributes vary 
from card to < .ml For example, an RS-2:i2 user would like 
Ed gp\ a1 llif * li^ir-h.Ksend bit and change its state; 9 sixteen- 
hit parallel interface user would like to change the logic 
sense from positive-true to negative-true logic. These fea- 
Hiirs would become cumbersome if all of them were pro- 
vided at the BASIC language levaL Hundreds of keywords 
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would be required, Instead, there can be up to sixteen card 
status registers and twenty-four card contra] registers on 
any interface card (accessed via STATUS and CONTROL), 
These registers allow the programmer access to the various 
low- level capabilities qf the interface: parity, end-of- 
transmission character sequences, interface control and 
data lines, error indicators, and so on 

A programmer often needs to perform some operation 
when an interface condition occurs (interrupt access), 
Rather than constantly checking for these conditions, the 
interface card can check for the programmer [via ENABLF 
INTR). and when the condition happens, the end-of-line 
branch is taken to a BASIC service routine. The location of 
[lie service routine is set up with the ON (NTH statement. 

The timeout capability lets a programmer set an arbitrary 
length of time (from 1 to 32767 milliseconds) to wait for a 
response from the I/O hardware. Once a timeout has oc- 
curred, there is an end-of-line branch taken to a BASIC service 



routine specified by the programmer, 

l3ie miscellaneous statements and functions do not per- 
form any interfacing capabilities. They are included to 
make the joh of the interface programmer easier. There is 
the capability to mask out sections of the keyboard so that 
the operator does not inadvertently disrupt program flow. 
Base conversions for decimal numbers iri rind from binary, 
octal, and hexadecimal allow the programmer to display 
interfacing information in a convenient form, Boolean func- 
tions (and. or T exclusive or. complement, bit test) let the 
programmer test and modify interfacing information easily. 

HP-IB is a mnemonic for Hewlett-Packard's implementa- 
tion of IEEE Standard 488-1978, Since HPTB is such a 
pervasive interfacing standard for instrumentation, print- 
ers, plotters and peripherals of all descriptions, there are 
several high-level HP-IB control statements in theHP-85hO 
ROM. There are many commands that send multiline mes- 
sages on the HP- IB (such as TRIGGER, PASS CONTROL. 
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CLEAR, etc.). Multiline messages are those commands that 
the controller handshakes to the various devices on the bus 
in bit-parallel, byte-serial fashion. There are also com- 
mands that send uBi-line messages on the HP-IB (such as 
ABORTIO. LOCAL, REQUEST, etc), and there are functions 
that return status; POLL and The other 

cards [Serial E/O, GPIO, BCD) use some of these state- 
ments for their own functions when appropriate. 

Design ol the 82937A HP-IB Interface 

To implement all the capabilities planned for the I O 
ROM, it was necessary to design intelligent 1 O cards. Each 
10 card contains a single-chip microcomputer to (1) com- 
municate with the HP-85 CPU and (2) control and res; 
to the signals on the interface. The result of this is highly 
significant — the I/O ROM is not required to knew what type 
of interface is being accessed, Communication between the 
LO ROM and an I/O card is totally independent ofthetypeof 
card: it is the card's responsibility to perform the appro- 
priate LO function over the interface. 

This enhanced capability of the I/O cards permits more 
capability to be put in the I/O ROM than would have other- 
wise been possible. Also, this design approach permits 
•". ^Happed processing; that is, the HP-85 CPU can be run- 
ning a BASIC program while an inter face card is performing 
LO operations. An excel 1 en ( example of this design concept 
is the HP-85 interface to the HP-IB. The principal elements 
of the HP-IB card are shown in Fig. S. They are: 

1. Translator chip: The translator chip interfaces between 
the HP-85 CPU and the I/O processor on the card. It provides 
electrical and timing compatibility between the buses and 
contains several registers to implement the communica- 
tions protocol between the OPI ' and the VO proi essor 

2, I/O processor: The I/O processor is a single-chip rni- 
i rpi Dtaputet containing 2CJ48 bytes of program ROM and 
128 bytes of RAM. It performs two tasks: it communicates 
with the'CPl : through the translator chip to determine what 
1/0 operation IS desired, and it implements the I/O operation 
over the bus using tin* bus transceivers. 

I Bus transceivers and control logic: Bidirectional b 
ceivers are used by the I/O processor to control and to 
respond to signals on the bus. A latch, written In by the I 

professor, controls the direction oi the transceivers and also 
controls I/O processor interrupts 

The translator chip (Fig- 3), hereaftei i Riled the TC, was 
designed to achieve several goals: 

■ LSupport eight peripheral sela I codes 

■ Let the HP-H5 processor inteinijif the I/O processor 

■ Let the TO processor Interrupt the HP-85 ( PI 

■ Let the HP-85 CPU do a hard u aj i reset of the I/O proces- 
sor 

« Provide a means for the I/O processor to hall the HP-HJi 
CPU 

■ Provide general-purpose data registers for bidirectional 
communications between the two processors, 

1/0 for the HP-85 Is niemnrv-niripped. To support eight 
select codes, the TC's addr in h*setiable to one Ol 

eight different addresses, Three swifo hes reside In the I/O 

card. In the process of setting thecard'S select code, the user 

is actually setting the card's address. A mapping is done in 
the I/O ROM to translate from the select code specified in 



the program to the appropriate address, 

Each TC actually occupies a pair of addresses. The lower 
address is used to access the control register (write-only by 
the HP-85 CPU and read-only by the 10 processor) and the 
status register | read-only by the HP-85 CPU and write-only 
by the I O processor). The upper address of the pair accesses 
the output buffer iy by the HP-85 CPU and read- 

only by the LO processor) and the input buffer ( read-only by 
the HP-85 CPU and write-only by the LO processor). 

The input and output buffers are used for general- 
purpose communications between the two processors. Bits 
in the control and status registers are used to qualify data in 
these butters as well as report the status of various events. 
To synchronize the flow of data, each processor can ascer- 
tain the condition of these buffers via flags in the status and 
i ontrol Ti ■_ I tiese Sags are DBF (output buffer full] 

and IBF (input buffer full). DBF is set when the HP-ft5 CPU 
writes to the output buffer and is cleared when the I/O 
processor reads the output buffer. Similarly, IBF is set when 
the 10 processor writes to the input buffer and is cleared 
when the CPtJ reads the input buffer; 

The I/O processor and HP-85 CPU exist in a master-slave 
relationship, with the CPU being the master. The CPU sends 
instructions and data to the 10 processor via the output 
butter, The software protocol between the CPU and the l.O 
processor defines a bit in the control register as COM, for 
i command, COM is set high by the CPU before writing a 
command into the output buffer COM is set low by the CPU 
before writing data into the output buffer, While the 1/0 
processor is acting on the data m command, it sets a bit in 
the status register to 1, which is defined as the BUSY bit. 
When the 10 processor finishes acting upon the command 
or data byte in the output buffer, it sets BUSY low. which 
tells the CPU that it is done. 

Several commands received from the CPU require that 
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the ID processor return data to the CPU (e.g., the command 
generated by the CPU to execute the user's STATUS state- 
ment). The I/O processor returns the data in ihe input buiier 
The CPl f monitors IBF to determine when the data is written 
to the input buffer, while the I/O processor monitors JBF to 
determine when the data has been read by the CPU. 

Associated with each I/O ROM statement that accesses L'O 
is a set of rules that define the communications protocol 
between the HP-85 CPU and the I/O processor. The com- 
munications protocol not only defines the interaction dis- 
cussed above, but also covers the interrupl protocol 
whereby each processor may interrupt the other. 

The IIP-H5 CPU communicates with the I/O processor 
primarily to convey bus control commands to the I/O pro- 
cessor. The I/O processor then controls the bus as dictated 
by the CPU and within the bounds specified by IEEE Stan- 
dard 48&- 1976. At power-on. the I/O processor reads the five 
address switches and the system controller switch located 
on the interface card These switches are set by the user to 
configure the I/O processor's HP-IB address and to desig- 
nate whether or not the IO processor is to assume the role of 
system controller at power-on. The user can verily the 
switch settings by reading the STATUS register. 

Fig. 4 shows the idle loop executed by the I/O processor, 
demonstrating its interaction with the CPU and the bus. In 
Its Idle loop, 1 1 n • I/O processor monitors OBF to see ii the 
CPU has written any new information into it; if so, the I O 
processor sets BUSY = 1, reads the output buffer and pro- 
cesses it as a command (COM = 1) or data (COM = Q), 

If the I 'O processor is t he active controller of the 1TP-1U, E1 
polls SRQ, If SRQ is true and the user has enabled an end- of- 
line interrupt branch on SRQ, then the SRQ end-of-line in- 
terrupt bit is set, The I/O processor subsequently examines 
all eight interrupt cause bits; if any are set, ihel/Q processor 
interrupts the CPU. While the SRQ interrupt cause bit is set 
as the result ol polling, the other bits are set as the result of 
interrupts from the bus as discussed below. 

Interrupts of the I/O processor originate from two 
sources— the CPU [via theTCJ, and the bus. The CPU inter- 
rupts for certain operations, such as STATUS, to guarantee 
timely operation regardless of the stale of the L'O procc •-■■■> 
For example, if the IO processor Is busy handshaking data 



on the bus to a device that is taking an indefinite length of 
time, then an interrupting STATUS operation guarantees an 
immediate return of data. 

Certain HP-IB signals mandate a response within a time 
limit, For example, IFC (interface clear) must be responded 
to within 1(H) microseconds. To guarantee t h i s H IFC can be 
enabled if) interrupt the I/O processor. Likewise, REN I re- 
mote enable) must also be responded to within 100 mi- 
croseconds, and thus can be used to interrupt the I/O pro- 
cessor. ATN (attention) imposes no timing requirements on 
the I/O processor but is used as an interrupt input to ensure 
that ongoing 10 is properly suspended. During an IFC or 
ATN interrupt, end -of- line interrupt bits may be set, de- 
pending upon the interrupt enable mask provided by the 
user. The interrupt enable hi Is are ex a mined back in the idle 
loop; if any are set, the IO processor interrupts the CPU. The 
CPU then typically executes the branch specified in the 
user s BASIC program. 

Interface Select Codes and Device Specifiers 

The HP-85 can have up to three interface cards plugged 
into it (see Fig. i>). It also has the internal CKT and printer 
that I/O ROM users may want to access. How does a pro- 
grammer tell the I'O ROM which of these devices to inter- 
face wit hY This is done through mferjute seJecl codes, 

Hvery IO ROM statement that deals with an interface 
specifies as part of the statement I lie interface select code 
The range of select codes is as follows: 

1 : INTERNAL CRT 

2 : INTERNAL PRINTER 

3 : EXTERNAL I/O 



10 : EXTERNAL IU 

Select codes 1 and 2 are accessible only through OUTPUT. 
An example of interface select codes is: 

10 OUTPUT 1; "This line goes to the CRT" 
20 Ol TPUT 2; "This line goes to the printer" 
30 OUTPUT 7; Jl This line goes to an external 
device" 




Fig, 5. 7) p _5.' HP-85 interface rfl- 

$ta>fat<on The add-on ROM 
drawer and the 8293? A HP-IB in- 
terface are § frown The unused 
stots can be used to add two other 
interfaces or another interface and 
the 16K RAM module. 
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Using HP-85 I/O Capabilities 



■ HP-85 1:0 ROM allows for extreme ease of use The fos 
examples show a wide range of capacities of the HP-85 in a simple 
g application 
5 assume —85 an I/O ROM an 

HP- IB card, and a 3437 A system v: -r's also assume that 

s components are hooked together, powered up. and working 
prop* 

You would like to gel a reading from the voltmeter The 34 37 As 
device address is 24 (as shipped from me factory) and the HP- IB 
interface card is select code 7 (as shipped from the factory). There- 
fore the address that you should be using is 724 You want to get a 
readtng from the 3437A To do that you have to execute the following 
statement 

EWTEFI 724 A 

After you have executed this statement, the variable a. will contain 
the reading from the voltmeter. That is all there is to do 
A program id get one reading and display it, would be like this: 

30 01SPA 
50 END 

Now suppose you want to take in a hundred readings and display 
them on the internal HP-85 CRT The following program will do this: 

10 FOR 1=1 TO 1Q0 
20 ENTER n 

5PA 
40 NEXT i 

50 =■ 

Now suppose you want to pJot these 100 readings The following 
program does this 

1 scale t too 

2 GRAPH 
3GCU 

4 MOVE 1 ,0 
1CIFOR 

20 EN" 

30 PLOT I, A 

8$ END 

Now, say that this is not fast enough Your application requires Jess 
time between voltmeter readings First of ail> you know thai the 3437 A 
is capable of much belter performance To get the HP-85 to take 
readings at a faster rate will require a type of data exchange known as 
a buffered transfer. This means that you tell the HP-85 to take the data 
into a buffer as Fast as it can and then at a sater time take the data out o? 
the buffer and turn it into numeric data that the computer can use 
computationally. The following program does this fast transfer and 
plots the data as before. 

■' : .-'0.20 

■■" : H 

3 GCLEAR 
i MOVE 1 ,0 

5 DIM BS[7Q9J 
SlOBUf : 

7 OUTPUT 72A MOOS 

■ PREVIOUS LINE CONFIGURES THE VOLTMETER 
, rftAM FBi ' ■■■ FO - : • ■■ ■■ H Ml 
, TOO 
20 ENTER as 
30 PLOT I, A 
40 NEXT i 
50 END 

•Tim Mikkelsen 



The select code of an 10 card is set by switches mounted on 
the card. These switches are preset at the factory, depend- 
ing on the type of the interface (eg.. HP-IB's select code is 
preset to 7]. An example where the programmer might want 
to change the select code would be when there are two 
HP-IB interfaces in one HP-85. The programmer might do 
this to extend the number of HP-IB devices on one comput- 
er, or if the computer is to be a controller on one HP- IB and 
just another device on the other. In such a case, the pro- 
grammer would have to change one of the select codes to 
prevent a hardware conflict, 

This, however, is not enough. The HP-IB standard allows 
for up to 31 device addresses on a single interface (14 is the 
physical limit that any HP- IB interface can support). The 
1 G-bit general-purpose interface allows the programmer ac- 
cess to tour eight -bit ports in various ways fusing a total of 
sixteen logical addresses J. The BCD interface allows for one 
or two channels of information consisting of data fields, 
function codes, and error indications which are accessible 
in various combinations (using a total of seven logical ad- 
dresses]. How does the programmer tell the I/O ROM which 
device address to talk to? This is done through device 
specifiers. 
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The device specifier is like an interlace select code, ex- 
cept that il includes both the select code and the device 
address. Notice thai 1 he range of device addresses is In sin DO 
to Ml. To build a device specifier — multiply the select code 
by UN) and add I he device address. Hence select code 7, 
device 24 would be 7x 1 00 + 24 = 724. Device addresses are 
generally preset hy the factory, but can be changed in a 
manner similar to changing the interface select code. 
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A Compact Tape Transport Subassembly 
Designed for Reliability and Low Cost 



by Douglas J. Collins and Brian G. Spreadbury 



OVER THE LAST f'Ol. r R YEARS Hewlett-Packard 
has developed a series of magnetic transports 1 2 "^ 
for the 992O0A data cartridge shown in Fig. 1. 
The use of I his small data cartridge was selected because of 
proven reliability, large data capacity, ease of use. and low 
system cost. 

The tape system integral to the HP-85 is in many ways a 
refinement of previous designs. However, the total integra- 
tion of the transport with a single printed circuit board into 
one small package called for new techniques in electrical 
and mechanical design. 

Transport Electronics Design 

To incorporate a tape system into the compact HP-B5 
pm Ktige required the cartridge transport to be small and to 
consume a minimum of power. Unfortunately, a relatively 
powerful motor is needed to drive the tape. For best effi- 
ciency, a pulse-widthhmodulated 20-kHz signal controls 
the motor drive transistors to keep them either cut of I or 
fully saturated I turned on). These large power pulses can 
generate severe noise levels on the ten-millivolt signal lines 
from the tape head. To prevent this, the entire read write 
circuitry is located within three centimetres of the magnetic 
head. Also, the motor drive circuitry has a separate power 
supply and is independently grounded. 

The heart of the tape system electronics is the custom 



NYtOStape controller It it performs the tasks of interlacing 
to the HP- 85 CPU. controlling motor speed and direction, 
and encoding decoding data for the tape. Two Schmitt- 
trigger inputs provide direct sensing of the analog signals 




Fig. 1 . The 98200 A mmi data cartridge rs a compact storage 
medium for data and programs, and has proven reliability and 
flexibility 
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Fig. 2. Flow diagram for a traditional speed control destgn 

from the photo transistors that are used for optical sensing of 
tbeend-ni-tape hole and the motor tachometer disc. Despite 
all of the functions included on this IC chip, it remains 
remarkably small [approximately 14 square millimetres in 
area) and typically dissipates about fitly milliwatts of 
power. 

To keep the size of this IC small, the simple calculations 
required for tape operation are delegated to the HP-H5 cen- 
tral processor. Functions such as gap length measurement, 
ksum generation, and end-of-tape detection are per- 
formed by the CPU, These computations are trivial for the 
CPU, but would require the addition of multibyte adders 
and counters to the tape controller IC if it were required to 
do such functions, 



negative, the time between successive tachometer pulses is 
too long, indicating a low motor speed. This causes Cl to 
count up, which generates a longer duty cycle for the motor 
drive pulse-width output, if the output of C2 is positive. Cl 
counts down and the motor s lows down . Th e va 1 u e of the C2 
output is scaled and fed forward through the adder to 
stabilize the s nee the servo output is recalculated 

for each tachometer pulse, the overall gain of the system 
varies with the speed of the motor. However, if the servo is 
operating properly, the speed variation will be small and 
the gain modulation will be negligible. 

There are only two speeds required for the HP-85 tape 
system — 254 and 1 524 mm s (10 and BO in s I To change the 
speed, the reference period is modified and scaling adjust- 
ments are made to the servo timing to compensate tor the 
change in gain. 

The servo is run open-loop to start or stop Hie motor. Toe 
acceleration or deceleration is controlled by incrementing 
or decrementing Cl and feeding its output directly to the 
pulse -width modulator. No additional counters are re- 
quired. 

The digital pulse- width modulator directly interfaces to 
lour Darlington-transistor motor drivers To protect the 
motor and drivers during high load conditions, a table 
lookup ROM Is used to solve the defining equation For 9 
direct-current, permanent-magnet motor 



Digital Servo Design 

To help understand the digital servo system used here, 
consider the traditional position control system shown 
in Fig, 2, I or this case, the cumulative error eu e is held to 
zero by integration, thereby providing no long-term speed 
error. The system is given stability by feed- forward com- 
pensation K|« To transform this system into a digital sys- 
tem . I he integrator and its associated summing junction are 
replaced by an up/down countet r:i and a binary adder as 
shown in Fig, J 

An optical tachometer geneiatesa series of pulses that are 
fed into down counter {12, On each tachometer pulse the 
counter is loaded with the desired reference period [the 
reciprocal of the desired tachometer frequent y I, ( ,oun!erC2 
counts down unlil the next tachometer puise is deb 
and l hen Ms output is evaluated. If the sign of the output is 



V = R a xl a + K e xw a 

where V is the voltage applied to the motor [proportional 
to duty cycle). H a is ihe armature resist. um b, I,, is the jj j lj-i - 
ture current. K fl is the back EMF constant, and w a Is the 
motor's angular velocity. 

Given the maximum armature ( uirent and motor con- 
stants K,; and K, r the ROM is programmed to solve for the 
maximum duty cycle allowed to drive the motor. The out- 
put ot ( \2 nt I ig \ is used as the input to this ROM because 
its m-i iproca] Is proportional to the motor's i angular veloc- 
ity. For each tachometer pulse, the maximum allowable 

duty cycle is calculated and compared to the servo output. 
The lesser of I he two values is mil put to the motor drive 
i in uitrv. A delay is added beUveen the time oi excessive 
load detection and the time the armature current is actually 
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Fig. 3, Stock diagram of digital 
servo electronics for monitoring 
and controlling the tape drive 
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limited to prevent short-term speed perturbations from af- 
fecting the motor speed. This eliminates the need for a 
current-sense resistor and associated detection circuitry 
that would sacrifice motor efficiency. 

Additional ly. the motor is protected against a stall condi- 
tion by shutting the motor down If the tachometer fre- 
quency becomes excessively low. Both the sisLl and 
current-limit conditions are reflected in the tape control- 
ler's status, which is monitored by the HP-J.J5 system 
firmware. 

Data Coding 

Information is transferred to and from the tape controller 
IC on a byte-by-byte basis, Data written onto the tape is first 
precompensated (lengthened or shortened, dependent on 
the value of adjacent bits) to prevent magnetic pulse crowd- 
ing on the tape. A delta-distance code with a ratio ol '1.75:1 
is used. 4 That is, the distance between magnetic flux rever- 
sals on the tape determines the value of the bit. with the 
distance lor a one being 1.75 times greater than thai for a 
zero, 

The decoder diagrammed in Fig, 4 is a speed tolerant 
design that compares the current bit pulse width with a 
continually updated nominal pulse width contained in the 
up/down counter. The down counter is essentially used as a 
variable modulus counter set by the contents of the up/ 
down counter, At each magnetic flux reversal, the down 
counter is loaded with the nominal period for a zero bit. 
When this quantity is counted down to zero, the slate 
counter is incremented and the down counter is reloaded. 
With the decoder in state one now, one-fourth of the nomi- 
nal zero-bit period is counted down and the dawn counter 
is reloaded again. The next decoder state counts down one 
half of the nominal zero-bit period. The value of the pulse 
being decoded is determined by the current state of the 
decoder when the next flux reversal occurs. State zero indi- 
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Fig. 4. Logic diagram for the decoder circuit that converts the 
time internals Dei ween successive ftvx reversals on the tape 
into the equwalen! binary data 
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Fig. 5. The dynamically clocked logic design tor counter 
stages which achieve optimum speed for minimum iC chtp 
area. 

cates a short er-than -nominal zero-bit period and so decre- 
ments the current count for the nominal period. Stale one is 
for a long zero-bit period and increments the nominal 
count. States two and three correspond to short and long 
one-bit periods, respectively. The transition from state two 
to state three happens after the last J lux reversal at exactly 
1.75 times the nominal ?,ero-bit period. In this manner, the 
1.75:1 delta-distance code can be decoded with a minimum 
of logic circuitry. 

Logic Design 

To implement all | his with a custom NMOS LSI circuit 
design, the various circuits must be optimized for the re- 
quired speed with I lie lowest number of transistors. Gate 
level minimization does not apply here. However. I he 
number of gate delays for any circuit path should not be too 
many, otherwise chip area and power will be w r asted. 

The counters in the tape controller IC are implemented 
using an alternating positive/negative logic scheme that is 
dynamically clocked as drawn in Fig. 5. The sense of ihe 
carry is inverted for each bit into the counler. This counter 
has one gate delay per stage (from the carry), which is 
optimum for the number of stages required. 

Data is stored by the NMOS capacitances in the counter 
and is refreshed by tw T o nonoverlapping clocks. The use of 
two clocks prevents possible race conditions. 

Read/Write Amplifier 

A single bipolar read wrile amplifier IC trans forms coded 
digital information from the tape controller IC into magne- 
tic pulses on the tape, and back again. The basic read circuit 
is diagrammed in Fig. fl The configuration of the two 
magnetic-head read coils permits the use of shared input 
and feedback components for both tape tracks, thus reduc- 
ing the number of external parts needed. Each track h&$ its 
own differential transistor pair, but shares a common volt- 
afge amplifier. Track selection is accomplished by gating the 
respective current .source for the desired input pair. 
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After preamplification. I he head signal is processed by a 
peak detector and a bilateral threshold detector. Signal peak 
detection is done with a differentiator and a zero-crossing 
detector. Because of the low signal-to-noise ratio for the flux 
reversals on the tape, the peak detection method can gener- 
ate false transitions between true signal peaks. This prob- 
lem is eliminated by gating the peak detector's output with 
the threshold sensing circuit The relationship between the 
various signals is illustrated in Fig. 7. 

The current sources and switches necessary ior writing 
data onto the tape use only a single external resistor to 
accurately set the write-current level. 

Two incandescent lamps axe used as light sources for the 
optical sensing of the end-of-tape hole and the motor 
tachometer disc by the phototransistors. To save power, the 
lamps are turned on only while the tape transport is being 
used. The bipolar read; write amplifier 1C also contains a 
turn-on current surge limit circuit for these lamps. This 
circuit assures good lamp reliability, even after thousands 
of on- off cycles. 

Mechanical Design 

The design objectives for the tape transport emphasized 
flexibility, reliability, and low cost, Cost reduction was a 
must, and the flexibility and reliability were to be improved 
if possible, 

The initial observation of the existing drive designs and 
an analysis of costs indicated that any cost reduction would 
be hard-won indeed, and that only some basic rethinking of 
the total design would be productive. The resulting design 
integrates the mechanical and electrical elements to a 
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F i g . 7. Time tela lion s hip between th e van ous signs Is invot v ea 

in reading data from the tape, See Fig 6 for the location of 
these signals in the read 'write amplifier and detector circuit. 

greater degree than previous!} a< hieved, reduces the 
number and complexity of components, and considerably 
lowers the labor content. 
The primary requirement for the transport, from a 
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Fig. 6* Schematic for the tape readfwrifo amplifier and detector. Some components are shared 

for both tape tracks. Tracks are selected by gating the current source for the differential pair 
associated with the track selected 
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mechanical point of view, is to positively maintain the 
cartridge position with respect to the magnetic head, while 
driving the tape roller at the desired speed under varying 
conditions of voltage, temperature, humidity, and loading. 
From this basic premise t an assembly evolved that is 
installed in the mainframe with only two mounting screws, 
and has only two flat-ribbon cables for subsequent connec- 
tion to the logic board assembly. All other control functions 
are contained within the transport subassembly (Fig. 8). 

The transport nnil consists of three field-replaceable 
modular subassemblies that require only simple tools for 
installation. They are the baseplate assembly, the printed 
Circuit board assembly, and the motor/capstan assembly. 

The baseplate assembly consists of the cartridge ejection 
mechanism, the baseplate (which acts as the support for the 
ejector], the motor, and the head bridge, The head bridge 
performs the multiple functions of cartridge guidance, 
magnetic head location, and housing o! the leaf switches 
that sense the presence of a cartridge and the condition for 
record protect. ^1 o maintain tape-to-head contact and track- 
ing and azimuth alignment within very close tolerances, it 
was decided that optical alignment of the head with respect 
to the head bridge guide rails was necessary. Tape-to-head 
wrap must be held closely to prevent either loss of intimate 
contact because of insufficient wrap, or excessive tape or 
head wear caused by too much wrap. This is controlled by 
using locating pins in the head bridge that mate with cor- 
responding holes in the baseplate. The motor assembly is 
similarly located on the baseplate, The head alignment 
process positions the head within a pocket in the head 
bridge, using fixtures that engage the locating pins to con- 
trol head penetration, After adjustment for azimuth and 
tracking, the head is bonded in place with fast-set acrylic 



adhesive, This enables fast turnover of the alignment fix- 
tures in production. 

The loaded printed circuit board is directly mounted to 
the rear of the transport mechanism and engages the 
magnetic head leads, which are 24 AWG solid-copper 
tinned wire. This greatly facilitates their alignment with 
the six oversize holes in the circuit board and eliminates 
the need for a head wiring harness. 

Functions such as cartridge in/out and write enable axe 
sensed by plunger-operated leaf switches mounted in the 
head bridge. 7'he switches pick up contact pads on the 
circuit board. By careful insertion of phototiansistors and 
lamps Into the board, using jigs, end-of-tape detection and 
tachometer speed control are achieved without any wiring 
since the components align exactly with physical locating 
holes molded into I he baseplate and head bridge. 

The motor capstan assembly consists of a conventional 
direct-current motor with a polyurethane-on-aluminum 
capstan and attached mylar tachometer disc The disc is 
used for servo feedback of motor angular velocity us dis- 
cussed earlier in this article. The disc is mounted together 
with a miniature incandescent lamp within a plastic motor 
mount that locates the motor relative to the baseplate, The 
motor leads plug directly into the printed circuit board that 
contains all of the motor drive circuitry. 
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A High-Quality CRT Display 
for a Portable Computer 



by James F. Bausch 



ONE OF THE TWO PRIMARY output periph- 
erals integrated into [he HP-B5 Personal Computer 
is a high-quality CRT display. The other, a thermal 
printer, is described elsewhere in this issue In addition 
to design goals of display quality arid small s&e, the IIP-»5 
CRT subassembly was to have low power consumption. 

The 127-mm diagonal, black-and-white., electromag- 
netic-deflection CRT can display information in the form of 
lines ol alphanumeric characters or nm\ ide a plotting area 
hn graphics uutpuL During tape operation and thermal 
printing, the display is switched off to conserve powei \ 
photograph of the subassembly is given in Fig. 1. and Fig. 2 
shows the hlnek diagram of the CRT subassemhly. 

CRT Controller 

The CRT drive system employs an NMOS controller IC 
whose function is twofold. Its primary function is to in- 
;< I with the mainframe memory t CRT, and display re- 
fresh memory so thai data niii\ be displayed as it is updated 
he user. Its secondary function is to provide signals to 
the j KT drive urcnilry for horizontal and vettfeal liming 
and character generation. 

The alphanumeric display fonl uses a 5x7 do1 matrix in 
an 6 ■ \2 doi ana} Characters are displayed 32 per line, 




Fig, 1. Photo of CRT subassembly. This unit contains a 
127-mm CRT with associated control electronics and can 

be independently tested before final assembly into an 
HP-85 sr : 
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subassembly for the HP-85 The 
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wilh 16 lines in a full display. The graphics display formal 
is the full screen, l>5b clots wide by 192 dots high. 

The refresh memory stores all of the information neces- 
sary to display four screens |64 linos) of alphanumeric data 
p]us one screen of graphics data. The alphanumeric infor- 
mation is stored as the ASCII equivalent of each character, 
The graphics data maps din c tk from one bit of RAM to one 
dpt On llif screen. Three-qua tiers of the available refresh 
RAM is dedicated to graphic information storage. 

Vertical Amplifier 

In the diagram of the vertical amplifier (Fig, 3), a pair of 
i [ass AH amplifiers. operating in a push-pull mode, provide 
the targe peak -to- peak excursions required to reverse the 
currents in the CHI deflection yoke within the allotted 
vertical frame time interval. The CRT controller IC provides 
a frame synchronization pulseal the vertical frame rate. The 
shaping generator provides a current waveform whose pro- 
file compensates for the larger writing velocities at the 
edges of the screen. This waveform is a ramp from zero In 
eight volts over a period of 1 2 .5 milliseconds The slope §1 
die beginning and end of this ramp is more gradual (80%) 
than the slope during the major portion of the ramp. This 
lets the beam travel at a uniform rate across the CRT 

Resistors Rl to R4 provide current feedback from the 
ten -ohm current-sense resistor. These resistors affect the 
output impedance ot the amplifier and must be carefully 
selected. Ton large a loop gain causes instability; top small 
causes excessive rise limes. Resistor values are controlled 
.oid adequately rmiit hedbv fabricating them all in a single 
package, using thick-film technology. 

Horizontal Amplifier 

in the design of the horizontal amplifier (Fig. 4], mosl nt 
the circuitry is conventional However^ in the interest of 
power conservation, and because a 127-mm CRT must have 
-mall border margins, a phase control loop was added, 
lis t unction is to assure beam position with respect to dot 
timing. With this design, the overscan ni rig normally re* 
quired to compensate for phase errors becomes imneces- 
-.ax . and drke i urreril is redu< ed 

The circuit uses a convent i mud 555 Miner that triggers On 
the leading edge of the negdtivf-guinii tinri/nntal sync 



pulse. The timer then outputs a pulse to the driver trans- 
former, turning transistor Ql on and initiating the scan, 
hater the phase detector llip-ilop is set by the trailing edge 
ol the horizontal sync pulse and is almost instantly cleared 
by the pulse generated by the ringing of the deflection coil 
circuit and retrace capacitor CI . The short output spike thus 
generated at the Q output of the phase detector flip flop 
modulates I he tinier to vary I he I railing edge of ils output 
pulse, The variation anticipates the storage lime r s of tran- 
sistor Ql and turns il off early so that the edges of the 
horizontal sync and flyback pulses ire aligned. Phase errors 
of less than 200 nanoseconds are achievable lor the interval 
between the horizontal sync pulse and the flyback pulse, 
Other schemes have used phase-locked voltage-controlled 
oscillators. but this phase control loop has improved stabil- 
ity beca use oi the absence of a pole at the origin As with the 
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Fig. 3, Vertical amplifier circuit The two amplifiers are 
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tion 



phase- locked loop, however, noise must be carefully con- 
trolled since any phase noise can be magnified on succeed- 
ing raster lines, The timer's power Buppl} is locally regu- 
lated Hnd decoupled. 

The shaping capacitor G2 performs the same function hs 
the shaping generator does in the vertical amplifier circuit, 
The width coil adjusts the overall length of the horizontal 
track and the linearity coil cancels the effective resistance of 
the scan circuit path. The flyback transformer secondary 
windings provide all of the high voltages required for 
brightness and focus (800 volts), final anode (8000 vol Is j. 
and grid #1 [48 volts) potentials, 

The use qI the grid #2 potential as the means lm bright- 
ness control is strongly recommended by the CRT manufac- 
turer, .Small mechanical variations in the grid #14o- 
cathode spacing cause large variations in the cutoff \ rdhtge 



I the voltage required to suppress the beam current oi the 
CRT]- These variations can be reduced by adjusting the 
brightness with an adjustment of the vol I age en i grid #2. A 
secondary effect of this approach is a decrease in the overall 
spot size. Spot size is reduced because the lower cutoff 
voltage results in a smaller cathode emission area. Also, 
variations in drive voltage are not required fax this 
" constant-cutoff method. 

The disadvantage of this design is the high potential 
I approximately 800 volts) that must be routed to the bright- 
ness control. A 19-mm nylon shaft from the control to the 
rear panel provides the user with sufficient isolation from 
this potential. 

Video Amplifier 

The video amplifier (Fig. 5) achieves low-power opera- 
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tion by using a class C design. Class G amplifiers are very 
efficient since the oulput stage is either on or off. The power 
used is primarily C\'H r where C (here 30 picofarads) is the 
cathode and lead capacitance, V is the cutoff voltage (2B 
volts ) H and f is the transition frequency of each dot (since 
eacfc dot is 200 nanoseconds wide, the maximum transition 
frequency is 2,5 MHz). This power would be at most sixty 
milliwatts if a group of vertical parallel bars were to be 
displayed on the screen, 

A problem inherent in most class C amplifiers is the 
saturation of the transistors, Saturation limits rise times by 
increasing the charge storage times For the on transistors. In 
the HP-85, saturation is prevented during switching by 
using TTL drivers that are ac coupled to transistors Ql and 
Q2. These complementary transistors are always off until 
transitions occur, There is always some display on the 
screen (cursor) to provide some beam current. Hence P the 
CRT cathode normally assumes an off state due to the beam 
current generating a positive bias, and the complementary 
pair merely switches the cathode to an on state when re- 
quired, 

The cathode capacitance holds it to a low voltage state in 
the alphanumeric display mode, where changes between 
states are more frequent. In the graphics mode, with Longer 
lines required for the display, the beam current required 
causes the cathode voltage to droop due to increasing bias 
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level. An additional transistor, Q3. operating in saturation 
but with a large collector resistor, clamps I be bias at the dc 
potential necessary to compensate lor the beam current 
drift. 
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A Compact Thermal Printer Designed for 
Integration into a Personal Computer 



by Clement C. Lo and Ronald W. Keil 



BUILT INTO THE HP-85 Personal Computer is a mov- 
ing-head, thermal printer 'plotter, This unit is a com- 
pact, medium-speed, smart peripheral that quietly 
outpuls program listings or hard copies of the alpha- 
numeric and graphics data displayed on the CRT. The 
printer is designed to print two lines per second tor alpha- 
numeric copy. Each line can have up to 32 characters. For 
graphics copy, the plot displayed on the CRT is 
rotated 90° before it is printed. This provides the capability 
for forming continuous strip charts by stringing successive 
plots end-to-end. 

The main objectives of the new design were higher print- 
ing speed and a lower manufacturing cost than achieved for 
earlier printers, The former objective was met by using 
more sophisticated electronics and by printhead and drive 
development. The latter was met by simplification of as- 
sembly, reduction of the number of parts, and by using 
identical parts in several places. Fig, 1 is a photograph of 
the printing mechanism with its companion printed circuit 
board. This board contains all of the printer electronics 
as well as the HP-65 power supply described on page 24, 




<■■ " 



Fig. 1. HP-85 thermal printer subassembly In addition to the 

p rintm g mechanism, th t s s ubass embty a /so con tmr. \ 
support electronics for printing and the arcwtry for the HP-85 
porter sac. 
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Printer Electronics 

Consistent with the overall system integration 
philosophy, all of the electronics required, except for the 
high-current drivers- were integrated into one NMOS inte- 
grated circuit — the printer controller. This IC provides in- 
ternal buffering of up to VI characters and a 5x7 dot matrix 
character generator. The information stored in the internal 
character ROM can be accessed by the system software and 
thus the character lookup table in the system can be elimi- 
nated. Both the character set and the intensity settings are 
mask programmable. 

The printhead consists of eight thin-film resistors ar- 
ranged in a vertical column. The entire printhead is moved 
across the paper so that when the correct resistors are *:l ri- 
valed at specific: times, a character is formed. 

An eight -posit ion hi nan switch is connected to the 
printer controller chip so the user can select any one of the 
eight preprogrammed print intensities, with hinary zero 
being the lightest. The chip controls tin 1 darkness of the 
printout by varying the pulse duration of the signals 
applied to the printhead resistors. To obtain uniform con- 
trast, the controller also adjusts the pulse duration to ac- 
count lor different tin! densities. These cover such a wide 
range thai the user can still obtain a printout with accepta- 
ble quality under all usual operating conditions. 

The controller is capable oi printing hi directional! y tor 
alphanumeric copy and uni direct ion ally for graphics copy, 
To maximize I he print speed, a look-ahead algorithm is 
buill inn, lhn > hip. The < i in! roller decides which direction 
to print by looking at the present line length said the next 
line length. A block diagram of the printer controller IC is 
given in fig. % 

The printhead assembly is moved across the paper by the 
head drive motor. This motion uses a 7.5 f (4ft steps] step 
motor that drives the printhead assembly with a toothed 
bell. The resolution of the motor is doubled by driving it in a 
half-step mode \\\.7*>' step). Each step corresponds 1:0 one 
dot column of printout. The motor is driven at 448 steps per 
second, which Is equivalent lo a print speed of sixty-four 
characters per second. P.ipn med is accomplished h> hmmjI 
an additional step motor. It operates in a full-step mode 
[7,5°/step) and steps at one-third the rate ot the head drive 
motor. Each step corresponds to one dot row of paper ,i<1- 
vanced. When the controller finishes printing a line, it 
automatically advances the paper, 1 or alphanumeric copy, 
the paper advances ten dot rows, spacing three dots be- 
tween tines. For graphics copy, it advances only eight dot 



rows; thus it is possible to print a continuous vertical line 
for graphics plots. 

There is no home switch designed into the printer. At the 
first PRINT command after system power- on. the system 
firmware will send a home command to the printer control- 
ler. Knowing that this is the first home command received 
since power-on. the controller drives the printhead assem- 
bly all the way to the left. The assembly moves toward and 
eventually contacts the left wall of the frame, After the 
motor has been given 2513 pulses, the controller then re- 
verses the direction of the motor and moves the head as- 
sembly four steps to the right. Then it turns off the power 
applied to ihe mutoi and resets all internal position keeping 
logic, In I his manner, a home position is established. 

The energy stored in the motor inductance is returned to 
the unregulated 32Vdc supply through the catch diode [See 
Fig. 3). This not only increases the power efficiency of the 
system, but also lets us drive the step motor at a higher rate. 
Tin- field built up in the motor can he collapsed faster by 
reluming the current to a high-voltage supply 

Thermal Printhead 

The printhead contains eight resistors, arranged in a 
single column, with an overall height equal to one charac- 
tei K<ji h resislor is 0.36 mm (0,014 in J tall hy Q\2S mm 
[UJJ1 I in) wide, in operation, the resi.rni scan i 
thermal-sensitive paper, creating a colored dot on the papei 
w he newi a re$i£tDJ is ''rn-rgized A small amount of Iril-^i al 
elongation nccurs during printing b& auseoi the movement 
of the printhead acoss the paper before the resistors com- 
pletely cool down. This widens the dot, making il appear to 
be square. 



+ 12 Vdc 




"X" Catch 
/&k Diode 



Controller 



Fig. 3. Printer motor driver circuit The energy stored in the 
motor's inductance is returned to the system power supply 
thr\ ujgh the catch diode This approach speeds up the step- 
ping rate and conserves power 
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An Efficient Power Supply for the HP-85 



As with the rest ot The HP-95 system, the efficiency of the powe' 
supply must be high Also, the regulation at low frequencies is impor- 
tant since annoying CRT display modu^anon results if trace amounts 
of ac line ripple are present Switching sprkes can aiso cause ripples 
m the display. 

The solution to these probtems is a switching supply synchronized 
to twice the scan frequency of the CRT (Fig. |) The heart of trus 
supply is a pulse- width modulator IC that is synchronized by a 32-k Hz 
(twice the CRT honzontal line scan rate) pufee tram from the CRT 
controller The modulator uses an integrator to provide high loop gam 
at low frequences, thus reducing line frequency ripple. The unregu- 
lated 32-volt input absorbs the large kickoack voltages from the 
printer drive motors; thus recycling ene-: 

The output tran SJSt or Qt drives transformer inductor T1 which $CtS 
as a 'ossiess voltage-averaging reactance The f-ltererj side of T1 
provides + 12V. During Q1's off time *he f ! ux change in T1 remains 
constant so the -12V and -+7 5V outputs from TVs secondare 
ing do not need pass regu al'Qn 

The five-volt supply requires higher energy than either the +6V or 
-12V supplies and cannot be derived from T1 during rhe off time for 
Q 1 Onfy energy stored m T1 is available for constanHlux-change 
regu.auon. Hence, the five-volt supply uses a separate dc-to-dc 
convene- which is also synchronized to the CRT display horizontal 
Ffe^u&noy 

The current transformer in tne emitter path of Q1 monitors large 
nose thai occur during printing H-gh cuneni pea- S 
shut off Q1 in less than two microseconds. This feature prevents 
problems inherent in driving inductive toads while staying wlthl.fi a 
safe operating area. If the twe<ve-volt suppiy is shorted, the npui 
power will drop, the short acting as a finite current with zero output 
voltage Ti" | @ ; i ■- s ffi iar to foldback current Irntmg in some 
pass regulator designs 

A f T2V overvoltage sensor crowbars tne unregulated 32-volt sup- 
ply J 01 s shorted. The other supplies do not have an over voltage 
fa lure made. 
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Fig r 2* Cross-secwn of the power transformer. This design 
assures tight coupling between the primary and secondary to 
m M Q uriwBnteti noise and magnetic radtetim 

Line Transformer 

The requirements of worldwide safety approval along with the need 
for minimum electromagnetic radiation to the CRT necessitated de^ 
velopment of a specif bobbin assembly for the HP-85 power supply 
*rarsfo r mer " A cross-section is shown in Fig. 2 

The bobbin has three pieces- two primary windings nested ms oe 
the secondary winding to provide tight coupling The polyester 
pieces also provide isolation from i re voyages as required by safety 
agencies The transformer was wound with additional turns to reduce 
the saturaron flux density Physical placemen! on the printer subas- 
sembly, in tne far corns* of the hP-85 package away "ronn the CRT, 
also helped reduce any interference wrth the d splay 

Ac kn o w te d g m en t s 

Floyd Prurtt, Manufacturing Division, provided nelpon the line trans- 
former. Craig Sanford contributed to the bobbin tooling and Burk 
Brandt provided ten r ~- regard to o^e^ail product safety 
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To have the resistor heat up quickly and to reduce power 
consumption, the resistors are formed on a thermal barrier 
of glass, which is deposited on a ceramic substrate. Making 
the thermal barrier too thick slows the cool -down time of 
the resistor, smearing the trailing edge of a formed dot, 
Accurately controlling this barrier balances both power use 
and print clar 

An objective in the HP-d5 printer design was to give the 
user the ability to control the darkness of the print by vary- 
ing the energy dissipated in the printhead. Through relia- 
bility testing, h was discovered that a change of only 
in the printhead energy dissipation changed the printhead 
life by a factor of two. Ordinarily, a six-micrometre-thick 
layer of aluminum oxide is deposited over l he resistor to 
protect it from wear and chemical attack caused by the 
paper, inspection oj failed printheads indicated that chem- 
ical attack was accelerated with increased energy dissipa- 
tion. It was our observation that the increased thermal 
\ i ling created cracks in the brittle protective layer, thus 
letting the paper chemicals penetrate through the layer to 
destroy the resistor film. To inhibit crack growth and/or act 
as a chemical or ion barrier, the idea of depositing an ad- 
ditional film nt tantalum -aluminum within the protective 
overcoat was evaluated. The initial results were substan- 
tially improved printhead lifetimes Kig 4 is a cross-sec- 
tional view of the printhead. Production implementation 
oi this design has yielded two to three-fold increases in 
printhead lite, providing a very acceptable printhead re- 
liability of greater than 85% niter five years of use. 

Printer Mechanism 

The printer mainframe consists of five principal parts 
that are snapped and screwed together. In addition to locat- 
ing ihe mechanical parts, they form a paper hale thai h> 
generous 120-m [400-ft) roll of 10.8-cm (4.2.i-in[ heat sensi- 
tive papei 

Thelow-GOSl objective of the printer design precluded use 
oi i high-cost, high-performance motor, Therefore, two 
identical permanent-magnet step motors are used to ad- 
van.ce paper and In move the thermal printhead Kaeh is a 
stamped-fxame motor with forty-eight steps per revolution 

A toothed belt transfers motion from orient the motors to 
the paper advance shaft. Narrow, rnbher faced rollers at the 
ends <j| the shall advance I in' paper by grasping it ai the 
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Fig, 4. Cfoss-sectfonai wew of a stngfepmlhead resistor. The 

addition of the tantalum aluminum barrier on the right in- 
creases printhead lifetime by retarding chemical attack on the 
resistor 



edges. The paper is backed up by two pinch rollers on each 
side, spaced at nearly 9CT to take maximum advantage of the 
friction of the paper wrap around the rubber roller A 
center-pivoted leaf spring at each side provides equal 
clamping force on each set of pinch rollers. A pair of 
spring-loaded roll guides is inserted into the ends of the 
paper roll she provide a small friction moment to 

keep the paper onder tension, so that the paper unrolls 
straight. 

The printhead motor is mounted at the rear, transferring 
rotation forward through use of a shaft extension. A molded 
pulley on the end of this shaft drives another toothed belt 
which passes across the front ut ihe printer lo an identical 
idler pulley, 

The printhead mechanism consists of a slider and a 
prinlhead holder, The slider moves laterally on two identi- 
i.al parallel, circular shafts held in the mainframe. The 
printhead holder is pivoted on the slider about an axis 
parallel to I hose two shafts, The slider engages the upper 
shaft with a r>() Y-grouve, and the lower end of the slider has 
a small* raised pad that rests against the lower shaft. Easy 
disassembly for servicing is possible since neither end of 
the slider encircles its respective shaft, A slot with teeth 
molded into the forward face of the slider captures the 
upper run of the toothed belt so it can drive the slider 

The printhead is fixture-bonded to the slider pri nil 
carrier assembly to assure that the working face (with resis- 
tors) is held in the correct position relative to the upper 
cross shaft previously mentioned. The resistors are located 
iii'iii the right edge of the substrate, and the printhead is 
fixed with the left edge lifted vury slightly from the paper. 
To prevent the right edge from scrap ing the paper, this edge 
and the upper edge are lightly beveled. 

A compression spring rotates the printhead holder away 
from llu- slidei until it coutai is the paper, providing the 
necessary contad fpn e I he reactions from this force hold 
the V-groove and lower pad of the slider in contact with 
'hi i respective support shafts. A balancing of spring, fric- 
tion, and driving forces and the geometry of the assembly 
assure stability. The spring chosen has a low spring con- 
slant arid requires considerable initial compression. 3 his 

prevents major variations in the nominal printhead contai i 
pressure because of a buildup of other tolerances. A molded 
peg on the slider fits inside one end of ihe spring, which 
itself slips inside a molded-in sleeve on the print head hold- 
er. The peg and sleeve almost overlap in the assembled 
position, countering the lateral instabiiitj of the long, slen- 
der spring. 

Behind the paper lies a full- width platen, The prim head 
contact force holds cylindrical ribs on the back side of ihe 
platen in a flat-bottomed groove in the platen holder. These 
constrain the platen movement to a rotation about an axis 
parallel to the upper printhead support shaft so that the 
platen automatically tines up with the printhead under the 
a p [died force, The molded plastic phi I en is faced with a rhi n 
I. w bj oi silicone rubber. The whoieassembly isoverlaid by a 
Hap of plastic-impregnated glass cloth, which Is fasti 
heluw the platen and serves as a low-friction wear layer 
The nel idled is .i long-wearing, heat-resistant, self- 
aligning, resilient platen for upiirnum print quality, 

Curri'ut is carried to the moving printhead by a flexible 
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cable erf Copper foil encased tn a Kaplon IN1 sheath. This 
Cable makes one 18tr bend of substantial radius, rolling and 
unrolling against a flat panel that forms a cross member 
between the printer side plates. Uy this design, the radius ol 
curvature is held nearly constant, and as the print head 
shuttles back-and-forth, the curved or stressed portion of 
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the cable shifts, Thus, no part of the cable is subjected to 
maximum stress all the time, considerably lengthening the 
fatigue I ile of the cable. 
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Enhanced BASIC Language for a 
Personal Computer 

by Nelson A. Mills, Homer C. Russell, and Kent R. Henscheid 



HP-tSTi BASIC is an enhanced implementation of the 
American National Standard tor Minimal BASIC 
(ANSI X1§<M97&) li is designed to provide the 
user with a friendly, easy-to-use, and powerful program- 
ming tooL The BASIC language interpreter and the HP-85 
operating system are implemented entirely in firmware to 
relieve the user ot any responsibility tor getting the operat- 
ing system and/or interpreter loaded and executing. 

For the novice user, the HP-tf 5 features an autostart mode 
of operation. When HP-H5 power is turned on. the system 
will automatically search for a stored program named 
Autost on the tape cartridge. If a program by this name is 
found, the HP-85 will load it into memory and begin its 
execution. This program can then prompt the user for in- 
puts, give instructions, do selected computations, or load 
other programs selected by the user from a menu. 

Several commands are included in the HP-85 BASIC lan- 
guage instruction set to simplify the plotting oi data and the 
presentation of graphical information on the CRT, The CRT 
display can subsequently be outpul tn hard copy form on 
the system's interna] printer. 

Language Enhancements 

ANSI Minimal BASIC includes the LET and implied LET 



statements for variable assignment, the FOR-NEXT state- 
ments for looping, the GOTO, GOSl'H, computed GOTO, and 
IF THEN statements for branching. INPUT. DATA. READ, and 
RESTORE statements for data manipulation, the PRINT 
statement for output, and several arithmetic operations and 
functions. ANSI Minimal BASIC contains a total of 
twenty- one statements and twelve predefined functions; 

By contrast, HP-85 BASIC includes 65 statements, 20 
commands, and 42 predefined functions. The IF THEN 
statement has been extended to include the IF THEN 
ELSE statement, which, when combined with a multistate- 
ment line, provides a very useful programming tool. For 

example. 

H){) IF A> 10 THEN A = A .- 10 @ GOTO 
200 ELSE D1SP A @ GOTO 300 
The @ symbol separates individual executable statements 
for multistatement lines. 

HP-85 BASIC allows formatted output via the PRINT 
USING or DtSP USING statements and the IMAGE statement. 
Their use is illustrated as follows. 

W IMAGE nr "). "EXCHANGE RATE" 
/,8{" "J/'MARCH 3, 1980" , 
+ T\DC3aDD/' - E"T)P3DRDD 
20 PRINT USING 10; 1065.43,2198.13 
30 STOP 
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Fig."L Up to eight characters can be used for displayed 
labels for each of the eight user-defined keys fri the HP-85 
system. A sample display of such labels is shown above. 

Executing these statements results In ihe output: 
EXCHANGE RATE 
MARCH 3, 1980 



$1, {165.43 



£ZAm t U 



The keyboard includes eight special function keys (kl- 
k8] which can be programmed using the ON KEY # state- 
ment and KEY LABEL, When the KEY LABEL statement ap- 
pears in a program or when the KEY LABEL key is pressed, 
the labels of the respective keys will be displayed on the 
bottom three lines of the CRT display. For example, execu- 
tion of the following statements results in the display 
shown in Fig. 1. 



10 OK KEY#1, 
ZQON KEY #2, 
30 OK KEY #4, 
40 OK KEY#5. 
50 ON KEY#7. 
60ONKEY#8/'DATAIN 
70 CLEAR 

m KEY LABEL @ GOTO m 
FOR KEYPRESS 



KEY 1 'GOSUB 100 
HELP " GOSUB 200 
KEY 4" GOSUB 300 
KEY 5" GOSUB 400 
SOLVE" GOSUB 500 

GOSUB 600 

WAIT 



anywhere within the desired information and pressing the 
appropriate key. 

Inserting characters in a line is made simple by the INS/ 
RPL key which switches between the insert and replace 
character modes. In the insert mode, a double cursor iden- 
tifies the position in the display where the inserted informa- 
tion will appear. The delete character (DEL-CHAR) key re- 
moves the character currently underscored by the cursor. 
Several typing aids and selective screen and line-clear op- 
erations add to the strong editing capabilities of the HP-85. 
Most keys repeat then - function when held down. 

Modifications made on the CRT with these powerful edit- 
ing features only take effect when the ENDLINE key is pressed. 
The HP-85 will process up to three lines, or 96 charac- 
ters, at that time. From the current cursor position, the 
editor firmware looks up and down the right-hand edge of 
the CRT until it reaches either a non-di splaying carriage 
return character, the top or bottom line of the current dis- 
play, or the 96-chaxacter limit for editing. With these 
bounds established, the edited information is then read 
from the CRT buffer into the system RAM where it can be 
processed by the operating system. 

To correct a problem on some personal computers, the 
user must retype the corrected problem and execute it: 



20000 * PI 

62831. 8530718 
32000 * PI 

100530,964915 



Corrected line 
Corrected result. 



On the HP-85. the user can also use the editor and cur- 
sor control keys to make the modification in the original 
problem: 

32000 * PI 
B2831. £530711) 

which, when executed by pressing the ENDLINE key be- 
comes 

32000 * PI 

100530, 9B4M3 



Another important feature of HP-85 BASIC is the ability 
to solve virtually any size problem using the CHAIN and 
COMmon statements. CHAIN replaces the current program 
in memory with a new program that is Loaded from mass 
storage, and retains the current values of variables passed 
by the COMmon statement. 

Debugging of BASIC programs on the HP-05is simplified 
by the TRACE, TRACEALL, TRACE VARiable and STEP com- 
mands, and the ability to inspecl and modify any program 
variable under keyboard control. 

Screen Editor 

One of the main design goals in creating the HP-85 Per- 
sonal Computer was to make it easy to use. The keyboard is 
tightly integrated with the HP-85 screen editor, giving the 
user unprecedented editing capabilities in a personal com- 
puter. The user has complete cursor control over the entire 
hi tines ol alphanumeric memory and can operate on any- 
thing in this CRT buffer by simply positioning the cursor 



Thus users can easily modify what they see. including 
scrolling an additional 4tf lines onto the screen for modifi- 
cation, and re-executing those lines for quick results. The 
64-line alphanumeric memory can also be scrolled for re- 
view of previous operations and results. 

Mathematical Functions 

Historically. BASIC implementations have had a rather 
limited function set. Fortunately, this situation is changing 
and the user should expect to be provided not only TAN t for 
example, but additionally SIN and COS, with all of these 
functions operable in both degrees and radians, The HP-85 
mathematical function set exceeds many other BASIC im- 
plementations in quantity, capability, and accuracy. In 
another sense, most of the HP-85 mathematical functions 
are now standard fare, having appeared on previous 
Hewlett-Packard computers. New to HP personal comput- 
ing products and appearing on the HP-85 is a rand inn 
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Fig. 2 fzmmfife of dipping performed by the HP-85 system 
when tne plot exceeds the boundary of the screen display 
Firs t . a hn e i s dm wn from (A.B) toward p Of n t (C t 0} off-s c reen A 
fifte drawn now from (CD) to (h x F) will intersect the edge of the 
CRT display at the proper point Thus, the CRT acts as a 
window on a much larger plotting space. The sue of the 
window is specified by the $CAt£ statement. 

number generator whose implementation has been singled 
out for 'list ttssion at right. 

High accuracy has been obtained for the HP- 8 5 mathe- 
matical functions by using essentially those algorithms 
developed first for (he i!l J -U797 and subsequently im- 
proved fortheHP-32E, the UP-34C and (tie HP-4lGas dis- 
cussed in previous articles. 1 r ' These algorithms are ad- 
justed for the larger HP-H5 word size to retain accuracy 
Real Dumber calculations in the HP-Sri are performed in- 
ternally to fifteen significant decimal dibits and rounded to 
twelve digits for presentation to the user. 

For all (he algebraic functions ( + r -, x, 4-, and SQRJ, the 
error is no bigger than one-half count in the twelfth sig- 
nificant digit (with correct rounding in all situations). F-nr 
some rational operations such as RMD and MOO there are no 
errors, regardless of the magnitude of the arguments. For 
example, ur*'MOD3 = 1 exactly. The transcendental func- 
tions are accurate to well xvithin one unit in (he twelfth 
significant digit, except where such specification would be 
impractical for any machine. 

There are just two such cases; 

1. When y* is bigger than tO 20 * 1 or tinier (ban 10" 20n 
(but not tJ|, its error may exceed one count in the las! 
place but is always smaller than two counts. 

2. For trigonometric functions of large radian arguments, 
I KJl r|X] is really TRIG [7rX,ai41592t>53:>H*ir<4J with an 
additional error rather less than one count in the twelfth 
significant digit. The use of only fifteen significant di- 
gits of 77 contributes less error than if the given argument 
X had been changed In its fifteenth significant digit. 
Bespit© this error, which is significant only whan X is 
huge, both sides of the trigonometric identity SIX12X1 
2S]\"i\i(:ON|.\|agreetoal] twelve significant dig its when. 
gayi \-~ilM74 radians. In general, every trigonometric 
identity that doesn't explicitly in vuh e 77 will be satisfied 
[o within a rounding error in each trigonometric func- 
tion that appears in it. Large angles In degrees or grads 
suffer no such complications leg . TAN (2xlG k ) = 
D.3639702342Mfora{l k- 1,2*3 4m just as it should). 

Graphics 

The integrated graphics of the HP-8fi gives (he user six- 
teen powerful and easy-to-use commands that provide 
scaling, line generation, labels, axes with interval marks. 



Random Number Generation 



The random number generator in the HP-85 uses the muftipiEca- 
tive congruentiai method. Briefly, the method generates the next 
random integer x l+ , by multiplying the current random integer x by 
a constant multiplier u {fixed within the HP-85} and keeping only the 
rig hl-hanc- most fifteen decimal digits x fT =^x l (modulo TO 15 ). The 
user may supply the starting seed, use a default seed, or call tor a 
random seed using the current cJock setting. The routine scales 
x, , , to get random numbers that lie within the unit interval, and rounds 
them 10 twelve significant decimal digits before output However, the 
routine continues generating successive random numbers treat- 
ing n and the x,'s as tifreen-digit integers internally 

The cruciai factor for a generator of this kind is the selection of the 
multiplier q- An inherent characteristic of the multphcadve congruen- 
tiai method 15 rhat a plot of consecutive numbers [>. + , x . 2 , , x +rr ,J, 
regarded as poi nts in a space of m d 1 men s. ons. shows that all of these 
"random" points lie on a re^ative^y small number of parallel 
hyperplanes in the m-dimensional unit cube. 1 This presents an 
appearance similar to that of an orchard (see Fig 1) 
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Multiplier ct 



Better Selection of 
Multiplier n 



Fig. 1. fa) Bad selection of multipliers, (bj Better selection of 
multiplier g 

Bad selections of the multiplier a force all the m-tuples onto a small 
number of widely spaced hyperpianes, consequently giving a less 
uniform distribution of the m-tuples throughout the unit cube. There- 
fore, the m-tupies must crowd onto the fewer paraHel hyperplanes 
reaving large unoccupied gaps between fnerr 2 A measure of the 
widest distance between the hyperplanes >s then a measure of The 
nonuniformity of The generator and characterizes tne Quality ol the 
selected multiplier a The determination of this distance is known as 
the spectral lest. Passing this test means selecting a multiplier a that 
gives rise to minimal hyperpfane distance separation according to 
criteria described in Knuth 3 Knuth underlines the importance of this 
tesi by staring that "not only do all good random-number generators 
pass it, but a!so all linear congruentiai sequences now known to be 
bad actually fail it 1 Thus, it is by far the most powerful test known 
The random number generator for the HP-85 was designed to pass 
the spectral test by developing other computer programs to assist in 
the proper selection of the multiplier a The article by Harada 4 outlines 
the criteria and technique for choosing optimal multipliers for the 
spectral test. 
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generated characters, and hard-copy output. With the 
SCALE statement the user has complete control of the 
256~by~192~dot resolution within a coordinate system 
specified by the user. The graphics firmware does all can- 
ons from the users coordinate system to the CRT 
coordinate system. A user point [X, Yl is mapped into the 
CRT system |X,. Y 



K-X„ 
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*191 



where X mm , X max > Y 
SCALE statement. The factors 



Tjjii r 



Y max are the parameters of the 



255 
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and ■ 



191 



,-Yn 



are computed by the SCALE statement- so for any one 
plotting operation, only one subtraction and one multipli- 
cation must be performed for each coordinate. 

For plots that exceed the boundaries established by the 
SCALE statement, a complex clipping algorithm handles the 
intersection of lines to virtual points off the screen, as 
shown by Fig, 2. 

The following program shows the ease of generating 
high-quality graphics on the HP-Sri. 

in RAO@GCLEAK 
20 .SCALE -6*Fi,6*H,-0.l,1 
30 XAXIS (LP! 2 @ VAXfS il.A 
40 PEN UP 

50FOR1=-6*PI TG6*P1 STEP PI 1h 
hii PLOT l,SI\H|/l 
7f) \KXT 1 
Hi J MUYK PLUS 
9Q LABEL 'SIN| Xj X" 
100 COPY @STOP 

Executing this program results in the plot shown in Fig. 
3a. The user, after noting the clipping of the bottom pari oi 
the graph, can make the fallowing change in line 

20 SCALE -6*P1.6*PL-0,4,1 



which results in the corrected plot shown in Fig. 3b. Point- 
to-point line generation, character generation with the 
BPLOT command, labeling commands, and the other state- 
ments discussed above give jhe HP-85 graphics software 
capability not found in many other personal computers. 

Timing, Copying, and Audio Commands 

There are three built-in, programmable rimers, which 
may be used to control a program via the ON TIMER # 
statement. For example, the statement 

ON TLMER#1 ,10000 GOSITB 300 

will start timer number one so that every ten seconds it will 
interrupt the computer \s operation and cause program con- 
trol to be transferred to line 300. 

The contents of the alphanumeric or graphic CRT display 
may be transferred to the internal printer by executing the 
COPY statement or by pressing the COPY key on the 
keyboard. 

Finally, the HP-tf5 has an internal programmable beeper 
that is controlled by specifying the frequency and duration 
of the desired tone via the BEEF 1 statement. This statement 
can be used with other HP-B5 BASIC commands in a pro- 
gram to enable the user to compose music, print out the 
musical score, and play the tune, using the beeper. 

Program Internal Formats 

HP-85 BASIC programs are executed by an Interpreter 
that is pari of I he firmware operating system. However, the 
code that is interpreted is vastly different from the BASIC 
commands as they wen* originally entered. As the state- 
ments are entered, they are compiled to a form of KPN 
(reverse Polish notation), which can be interpreted more 
efficiently than the BASIC source statements. As part oi the 
compilation process, all BASIC reserved words are con- 
verted to single-byte tokens. This makes the internal form ot 
the code somewhat more i ompact (ban the original form, 
and also makes Interpretation easier and faster. The single™ 
byte tokens are actually ordinals lor the runtime table, the 
parse table, and the ASCII table. Thus, token 142 is as* 
sociated with the 142nd entry in the runtime table, the parse 
table, and the ASCII table, following is an example ot Itn 
internal form of the HJM&5 BASIC assignment statement. 

The statement line 

hi LET A = B + SNM(OD) 



(a) 









(b) 



1 : 



i 

i 









i, 



Fig. 3. (a) An initial plot shows 
that the graph of a waveform is 
chpped at the bottom (h) By mod- 
ifying one parameter m tfte 
statement, the graph now can he 
easily relocated wtthin the display 
boundaries 
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is converted to single- byte tokens as listed below, 




22 


BCD line #10 


# bytes in the line 


142 


Token for LET 


21 


Token for fetch variable address 


40 


ASCII hjank 


101 


ASCII A 


1 


Token for fetch variable 


40 


ASCII blank 


102 


ASCII B 


1 


Token for fetch variable 


40 


ASCII blank 


103 


ASCII C 


1 


Token for fetch variable 


40 


ASCII blank 


104 


ASCII D 


52 


Token for + 


wm 


Token for SIN 


53 


Token for + 


HI 


Token for store numeric variable 


16 


End of line token 



of the program are replaced by the relative addresses of the 
variables, Thus, at runtime, the interpreter has only to read 
an address and add it to the base address of the program to 
determine the absolule location of the variable being refer- 
enced, Kor traditional interpreters the time required lo ac- 
cess any variable is depend en I upon its position within the 
variable table. On theHP-85 all variables may be accessed in 
exactly the same amount of time. 

User-defined functions are like variables in that they have 
names that look like variable names, and they have as- 
sociated with (hem a value, much like a variable. Because of 
these similarities and the obvious advantages in runtime 
execution, user-defined functions are also preallocaled. 

In traditional interpreters, it is also necessary to search for 
all line number references. Thus execution speed is affected 
by how far the referenced line is from the beginning of the 
program or from the current line, depending on the im- 
plementation. In the HP- 8 5 all line number references are 
replaced by the relative address of the referenced line dur- 
ing the allocation process, thus eliminating the need to 
search for referenced lines at runtime. 



Reallocation 

One oi the things that has traditionally made interpreters 
slow is that they maintain a table of variables, which must 
be searched at runtime for each variable reference. In the 
HP-tt5 we have attempted to solve this problem by preal lo- 
cation of all variable references. During the allocation pro- 
cess, the variable names that occur in the internal RPN form 



Output Control 

Flexible vectored control of output is provided in the 
HP-85 operating system by an output control routine that 
acts like a police officer directing traffic, This routine is 
accessed by the user via the PRINTER IS and CRT IS state- 
ments, Output information thai normally goes to the CRT 
(output device 1) can be redirected to the internal printer 



Fast Integer Processing 



The HP-85 implementation of BASIC provides integer short and 
real variable type'deceafations (undeclared variables are considereo 
to be rf ai.) with this feature- -many calculations are transparent to the 
user and proceed internally taster than might be ex peeled when me 
values invoked are integers, even though integer type may or may 
not have been speeded. 

Lers see now and when this occurs. Memory space :s conserved 
by allocating tor each variable no more space than is needed to 
represent the range of values over which that type of variable can run 
(see Fig 1ar In each of these cases, the variable is initially tagged 
using one of the bytes to Hag it as "null data ' (a warning is issued to 
the user if processing is attempted using null data). Now suppose, for 
example, a program initializes a variable ■ =o so it is no longer null and 
subsequently performs the calculation 1 = 1 + 1. assurnrng no pno r type 
declaration for By default, i is assumed rea_ it is easiest for the user 
to ignore type declaration when storage space is not at a premium 
The penafty for this m usual BASIC "implementations is to force slower 
floating point calculations, even though only integer values may be 
involved The HP-85 implementation avoids this penalty, when it can 
oy using an additional special formal — tagged integers 

When a value is assigned to a peal variable, it is first examined to 
see if it is actually an integer (up to three bytes) If so. it is stored as 



Variable Type: 



Range: 



Integer 



Short 



Real (declared 
or undeclared) 






+ 99999 ± 9.9999E ±99 ± 9.99999999999E ±499 



shown in Fig 1b and the subsequent calculation +1 will proceed 
much faster since only small integers are involved. Should the integer 
become too large (more then five digits) or should some other portion 
of the program force to a wider rfai format, i will remain hlal and 
subsequent calculations of M+1 will proceed accurately, but at a 
slower pace 

The fetch routine presents eight bytes {a real or tagged integer) to 
each math routine. Routines not interested specifically m integers, 
such as sin and cos. call a conversion routine which checks for the 
tag byte, and, when necessary, converts the integer to the nor- 
malized real format. The add, subtract, and multiply routines act 
differently. If both arguments are tagged integers, fast integer 
routines are employed, providing fast counting m fqr-nsxt loops and 
other instances as mentioned. 

When processing of a math routine is completed, control is relin- 
quished to the sysiem If the result is to be stored in memory, the 
recipient variable is checked and the eight-byte result is convened, if 
necessary, to trie appropriate one of the formats shown in Fig 1 
before storage Should the answer exceed the range for that variable 
type, a default value is stored and a range warning is issued. 



Real (tagged as integer) 



Bytes Bytes 

Unused l Integer 



t 

1 Byte Tag 



N 



lb) 



■Homer Russell 

Fig. 1. (a) Each variable rs lo- 
cated space in the memory ac- 
cording to its type spectftcafion. 
(bjlfa r$al variable is perceived to 
be actually an integer of up to 
three t > ■ I ! i nemory 
as shown and processed inter- 
nally as an integer. 
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Output 
(I/O ROM) 



I/O ROM 

Output 
Handler 



Fig. 4. An output control routine directs the output from 
dis? and usr statements to the selected peripheral, if the 
peripheral is not present, the routine calls an appropriate 
error routine. When additional peripherals are added to the 
HP-85 system the t<0 ROM supplies an additional Output 
command and redirects the normal error subroutine call from 
the output control routine to the appropriate subroutine m the 
i.Q ROM 

[output device 2\ by the statement CRT IS 2. Similarly, out- 
put information normally going to the interna] printer can 
-directed lo the CRT by a PRINTER IS 1 statement. Nor- 
mal CRT output information comes from DISH. LIST, and 
CAT statements and ERROR messages. Print output comes 
from PRINT, PLJST, and TRACE statements. Output device 
specifications other than 1 or 2 normally result in an error 
message. All output-producing statements set a select code, 
which the output control routine uses to direct the output 
from the producer to the target device (see Fig. 4). The 
operating system uses a select code off) as a flag for extern a I 
I/O to increase throughput speed of multiple output calls to 
the output control routine, such as LlSTings or OUTPUT 
statements with multiple parameters in the output list 

System Extensions 

Option locations or 'hooks" in the operating system 
allow extension of the HP-85 capabilities. An option loca- 
tion is typically several RAM locations that the operating 
system accesses with a subroutine call or a single byte in 
RAM containing a flag with special meaning to the system. 
In the case of a subroutine call option, the RAM option 
location would be initialized to a subroutine return or an 
error message subroutine call. A plug- in ROM or binary 
program can "hook" into the operating system and take 
over soine pro* ess In the system by inserting a subroutine 
Call to itself in place of the default option location contents. 
For example, the output control routine discussed earliei 
attempts to send output for a select code other than 1 or 2 to 



one of these locations. A plug4n ROM that handles the 
output to a peripheral device replaces the normal error call 
at the respective option location with a subroutine call 
pointing to its own output handling routine (see Fig. 4). 
Other locations in the operating system provide intercep- 
tion of the keyboard processing routine, the system parser, 
the main idle loop, and external I/O interrupts Special flags 
in the RAM option locations permit image and interrupt 
process extensions. 

The HP-85 option locations thus provide an easy means 
to expand the capabilities and extend the power of the basic 
computer. 

Mass Storage 

The 98200A tape cartridge provides a digital-qualitv 
storage medium for data and program storage and retrieval, 
A directory of file information at trie front of the tape im- 
mediately provides the location and length of any of up to 
42 files on the tape.* A high-speed search technique gives 
the user fast access to files, with the six-character file name 
providing a friendly reference not commonly found in per- 
sonal computers. This directory can be readily displayed 
using the CATalog command, Four levels of file security 
provide protection of sensitive or important information on 
the tape, The user can prevent duplication and listing of 
program files and access to data files that contain private 
information, A soft write- protect security prohibits acci- 
dental replacement of valuable files. 

The data files can be structured by the user to be any 
number of records, each of a specified size up to 327G7 bytes 
long, limited only by the mass storage space available (210k 
bytes for each tape cartridge). The data files can be accessed 
both serially and randomly, giving the user complete con- 
trol over retrieval techniques and access speed for data. The 
records within a file are treated as logical length records 
andean be addressed directly by spei il\ iiifj the numbers of 
their positions within the file. The firmware transparently 
handles the physical record divisions for the user. 

Language Extensions 
The BASIC language as hiaplernented on the HP-85 can be 

extended by t tie addition ol either plug-itf ROMs or binary 
programs. HP-ftfi memory consists pi 'S2K bytes ot ROM and 
L68 bytes nl RAM. The la.sl 8K bytes of the ROM is batik- 
Selectable. A plug-in module allows expansion of the I 
to i2K bytes. 

Plug-in ROMs map into the bank-selectable portion of 
system ROM and binary programs load into the RAM, 
There may be up to six plug-in ROMs and one binan pro- 
gram in the system at any one time. Hi nary pro grains are 
Jnaded by the LOADRIN command and stored by the STORE- 
BIN command, and reside in the highest memory locations 
of the RAM. Thev havea somewhat rigid structure in that all 
relocatable addresses are contained in a block at the begin- 
ning ot the program and are relocated bj the LQAhhlx 
command. The remainder of the binary program must be 
written as "run anywhere code/' 

The structures for ROMs and binary programs are similar 
in that they require the same table structure al I he bfegin- 

'4. The first Uvn bytes of each ROM contain the ROM 

number and its complement. The first two bytes of a binary 
program contain the address at which the binary is loaded. 
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The next I en bytes of both ROMs and binary programs 
contain in order, the runtime table address, the ASCII, table 
address, the parse table address, the error message table 
address, and the address of the initialization routine. 

For binary programs, this block of I able addresses is fol- 
lowed by ihe runtime table and the parse table, since they 
also contain addresses that must be relocated. 
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